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PART II. 



SPECIAL PHYSIOLOGY. 



Thb special functions of the human body may be considered 
under the heads of Nutrition, Innervation, and Beproduction. 

NUTRITION. 

Nutrition is very commonly spoken of as a function simply 
involving the addition of matter to the frame. My object is to 
shew that it is, in truth, a vast complex process, comprehend- 
ing not only digestion and assimilation, but circulation, respira- 
tion, secretion, excretion, and many others. Even nutrition, 
in its limited sense, is so essentially connected with the others ' 

referred to, that they must all be regarded as a whole or in 
their relations to one another. Thus digestion and assimilation 
are not only dependent on the quality and quantity of the ali- 
ment, but on the circulation of the blood, on the respiration 
which gives it oxygen, on the secretions by which food is pre- 
pared, and on excretion which removes those things which 
have served their purpose and would then be injurious. This 
mode of regarding the function of nutrition is of the utmost 
importance to the medical practitioner, as it not only leads 
him to see how nutrition may be deranged in so many ways, 
but to arrive at the scientific explanation of those complica- 
tions in diseases which he is constantly meeting with. It 
must lead him to the conviction that impaired nutrition is 
to be treated by an endeavour to restore the deranged pro- < 

cesses to their healthy state in the order in which they are j 
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deranged ; that for this purpose a sound knowledge of the 
process of nutrition itself is a preliminary step ; that em- 
pirical systems can be of little benefit ; and that the only 
correct basis for medical interference is a comprehensive and 
true physiology. We shall treat of the various processes sub- 
servient to nutrition, therefore, in the order that nutritive 
matter may be observed to go in, pass through, and come out 
of the economy. This will be better understood by consulting 
the view by Bernard, slightly modified, which exhibits in the 
dog all the organs, with the exception of the skin, concerned in 
this function. (See Plate IX., fig. 1.) 

Aliment. 

All the various kinds of food are resolvable into the four 
elements — Carbon, Hydrogen, Oxygen, and Nitrogen, combined 
with certain mineral bases. The chemical constitution of plants 
and animals is nearly the same ; and hence food derived from 
one kingdom of nature must contain those substances of which 
the bodies to be nourished in the other kingdom are themselves 
made up. The quantity required is principally regulated by 
the amount of air we breathe, its oxygen uniting with the car- 
bon and hydrogen of the tissues to produce carbonic acid and 
water, and to evolve the heat of the body. In endeavouring, 
therefore, to ascertain what are the best kinds of food requisite 
for meeting the demands of supply, we must pay attention, in 
the first place, to the chemical principles which enter into the 
constitution of the living being to be nourished ; secondly, to 
the mode in which these are combined to form tissues and organs; 
thirdly, to the atmosphere which surroimds it ; fourthly, to the 
amount of waste it imdergoes ; and, fifthly, to the structure of 
the animal. 

The results of numerous investigations, carried on with a 
view of determining these points, are as follow ; — 

1st. The proximate chemical principles required for the 
nourishment of man are the albuminous, the fatty, and the 
mineral principles. The first of these are substances rich in 
nitrogen — such as fibrin, casein, and albumin, which occur both 
in the vegetable and animal worlds. The second are substances 
devoid of nitrogen, consisting of the animal and vegetable 
fats, together with starch, sugar, and gum, which, by deoxi- 
dation, are readily converted into fat The third are mineral 
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ALIMENT. 189 

salts, more especially phosphate of lime and chloride of sodium. 
It has been proved that every kind of nutritive food must con- 
tain all three principles ; and that the absence of any one of 
these induces starvation and death. Water is also necessary as 
a diluent. 

Magendie fed dogs upon sugar, oil, gum, or butter alone, and 
found that for one or two weeks they did very well, but after 
that, became weak, and died on the thirty-second or thirty- 
sixth day. When they were fed on white bread and water, 
they b'ved fifty days ; when on cheese and white of ^gg, they 
lived longer, but became feeble, emaciated, and lost their hair. 
The experiments by Edwards and Balzac have shewn that a 
diet of bread and gelatin is insufficient, producing death after 
emaciation, without appreciable lesion. A little addition of brown 
soup, however, renders bread and gelatin highly nutritious. 
Dr Hammond limited himself to 1^ lbs. of gum on one occasion, 
and a like quantity of starch on another, with water, per ^y. 
Hunger, debility, and fever became so great that he was obliged 
to abandon the first diet on the fourth, and the second on the 
tenth day.* When, instead of these substances, he took 1 J lb. 
of albumin — diarrhoea, albuminous urine, and disgust at the 
food obliged him to abandon it on the ninth day. Hence it is 
always necessary to associate a proper mixture of albuminous 
and fatty principles, in which the mineral, especially chloride 
of sodium, enters as a constituent part. Of all the aii;icles of 
food, human milk appears to be that which contains the three 
essential substances in the best proportions. A like result may 
be obtained by mixing other articles together, such as fat pork 
with veal, potatoes with beef, and rice with mutton or fowl. 
Again, stuffing is generally added to ham and veal, bacon to 
beans, ham to fowls, and so on. The addition of butter to 
bread is the almost imiversal food of the nursery. Mankind 
have for the most part adopted these rules instinctively. Per- 
sons who feed principally on flesh prefer it fat ; and those who 
live largely on vegetables, as potatoes and rice, take considerable 
quantities of milk. The same result is obtained by the use of 
fermented liquors. Hence bread and wine constitute a diet 
resembling milk in chemical constitution. 

2d. It is not mere nitrogenous or non-nitrogenous kinds of 
food that will serve for nourishment, as is theoretically sup- 
* Experimental Researches on Food. Philadelphia. 1867. 
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posed by chemists. To form tiuue, these chemicftl coDstitaents 
must be converted into albumin and oil, so as to produce those 
elementary molecules of the chyle which constitute the fonua- 
tive substance of the blood cells ; while the mineral constituents 
must be dissolved in the fluid in which these float All three 
elements exist in eveiy tissue ; but the fibrous tissues abound 
in albumin, the glandular organs in fat, and the bones in mine- 
ral matter. All recent researches, especially those of lAives 
and Gilbert, Fick and Wislicenus, Frankland, K Smith, Parkea, 
and others, indicate the great importance of the fatty constitu- 
ents of food. 

3d. The amount of oxygen in the atmosphere greatly influ- 
ences the quantity of food required. If cold and condensed, 
more oxygen will unite with the tisBues, and more nourishment 
will be required to meet the demand and prevent waate^ If 
warm and rarefied, the appetite diminishes, and leu food is re- 

4tlL Bodily and mental exercise caiuea waste of tissue, and 
active men require more food than those who spend idle lives. 
An able-bodied labourer I'equires at least 35 oz. of dry nutri- 
tious food; norcansoundnessof health be kept up for any length 
of time under 30 oz. Sedentary people, it is true, exist upon 
much leFH ; but they are weak, and generally valetudinarians. 
Of mixed solid and fluid food, there are required daily between 
6 and 71bB.,ofwhichabont 5 lbs. on an average consists of water. 

5th. Living beings are governed in their selection of food by 
laws which the chemist cannot elucidate, and which are essen- 
tially connected with structure. It may be true, as MiUder 
pointed out, that the albumin of vegetables and of animals is 
the same ; but some animals can only live upon one, and some 
on the other. The chemist has not explained to us why the 
camivora reject vegetable and the graminivora refuse animal 
food, or why the substances which contain least nutritious 
matter for one class of creatures are the chief means of support 
for others. Hence, though chemistry may t«ach us much, the 
laws of dietetics can only be arrived at by the physiologist. 

6th. Another important fact has been too frequently over- 
looked, viz., that nutritive substances must have sapidity or 
flavour. Tasteless albumin and oil will not digest, and the 
reason obviously is, that they fail to excite the secretion of the 
saliva, which we shall see is so necessary for preparing food. 
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Hence the value of variety in food, of condiments, of tea, coffee, 
meat juice, and of numerous other substances, which have been 
shewn to render that diet nutritious, which without them could 
not be tolerated. Further — alcohol, wines, and tobacco, under 
certain circumstances, must also be regarded as nutrients. 

Of all the causes of disease, irregularity in diet is the most 
common ; and of all the means of cure at our disposal attention 
to the quantity and quality of the ingesta is by far the most 
powerful 

Hunger and Thirst — ^Want of solid aliment produces a pecu- 
liar sensation called hunger, while want of liquid causes another, 
called thirst These are not so much dependent on a peculiar 
condition of the stomach or oesophagus, as they are upon the 
general wants of the system. Certain animals, when they are 
large and fat, fall into a torpid state on the approach of winter, 
and continue so until the warmth of spring returns. During 
this period they take no food ; their respiration is exceedingly 
slow ; the blood has rather a gentle undulation than a circula- 
tion, and the trivial losses which take place are repaired by the 
gradual absorption of fat. Hence, at the end of the hyber- 
nating season, the emaciation of animals subject to its influence 
is very considerable. Some authentic cases are known of In- 
dian fakirs who have sustained a complete fast, when in a state 
of trance, for from four to six weeks ; but such persons have 
long prepared themselves, and have been supposed, further, to 
be under the influence of opiates. Under ordinary circum- 
stances, however, complete abstinence from food and drink 
cannot be supported beyond the eighth or tenth day without 
danger. Water, or a moist atmosphere, will enable people to 
live ten or twelve days. Young animals generally sink more 
rapidly than old ones. Of the 150 individuals wrecked in the 
Medusa, only fifteen survived after thirteen days of starvation ; 
and some of these had assisted in eating parts of the dead 
bodies of their companions. One of the most important effects 
of starvation to attend to is, that after some days it destroys 
the power of digestion itself to a great extent. Hence the 
extreme caution necessary in treating such a case. At first only 
fluids should be given containing little nutriment, the amount 
of which must be gradually increased. 

Excess of hunger causes a disease named Bulimia, Captains 
Parry Franklin, and other Arctic voyagers, relate numerous 
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instauceB where the EBquimanx devoured with impunitj eoor- 
mous quantities of food. In one owe 35 lbs. of meat were con- 
ETumed in twentj-foor houn, beaidea aereral tallow candles. 
The most remarkable instance on record ia the one of Tairari, 
a soldier described b; M. Percy.* On the other hand, some 
persona from habit have lived, like Comaro, on a veij spare 
diet Manj of the extt&ordinaij casee of faating are incredible. 
Anne Moore, of Tutbuiy, who pretended to live without aaj 
food whatever, on being carefully washed night and day, had 
scarcely strength enough left on the tenth day to confess the 
fraud she had practised ; aud Sarah Jacob, who was only aged 
thirteen, when similarly watched, expired on the ninth day.f 

, The food must be properly prepared for the changes it is 

1,1 destined t^i undergo in the stomach ; and to this end it must be 

broken down by the action of the teeth, jaws, and tongue. 

Teeth.^A. description of the teeth belongs to anatomy — their 
histological structure is described p. 86. All that need be said 
here is, that the incisor, canine, and molar t«eth are organs 
admirably adapted, in man and in the inferior animals, for 
seizing, lacerating, and grinding various kinds of food. TTiey 
are fixed in the jaws, which move about in varioua directions 
by the action of the muscles. Man, having a variety of move- 
ments, possesses a very complicated appaiatos for tliia pur- 

Tbe first set of teeth which appear after birth commence to 
be shed about the fifth year, and are called temporary. They 
are twenty in number, — viz., four indiori, two canina, and 
four molart in each jaw. The permanent teeth are thirty-two 
in number,~Yiz., four incisors, two caniaea, four bicuspids, and 
six molars in each jaw. The first set are developed within the 
jaw before birth, but cut through the gums in the following 



7 to 9 months. 



>ntba. 



12 to 24 months. 



The permanent teeth are formed in the jaw below the tem- 
porary ones, and both seta eiiet there at once about the fifth 
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year of extra-uterine life. The latter, however, push out the 
former, or cause them to be shed in the foUowing order :— 





Tears. 


First molar and central inferior incisor . 5 to 7 


The same in the upper jaw 


6 to 8 


Lateral incisors 


7 to 9 


Anterior bicuspids 


8 to 10 


Canines .... 


9 to 12 


Posterior bicuspids 


10 to 12 


Second molar 


12 to 14 


Third molar, or wisdom tooth 


17 to 25 



As a general rule, the appearance of the lower range precedes 
the upper. 

Tongue, — The tongue continually gathers together the ali- 
ment from below the dental arches, and when food is of soft 
material, assists in crushing it against the palate. To fulfil this 
function, it not only possesses great mobility, but is endowed 
with tactile and special sensibility, connected with numerous 
papillae (Plate IX., figs. 7, 8, and 9), whereby we are enabled 
to judge of the physical qualities and situation of aliment in 
the mouth, as well as to push it about continually, and appre- 
ciate the degree of trituration it undergoes. The tongue is also 
necessary in the acts of suction, speech, and deglutition, and is 
supplied with five nerves. Of these, the HypoglosBol, or ninth 
cranial nerve, governs the combined muscular movements of its 
anterior half, although other movements of the organ are regu- 
lated by the nerves which influence the muscles of the lower jaw 
and OS hyoides, to which bones it is attached. The function of 
the Chorda tympani (a communicating branch between the facial 
nerve and gustatory), which terminates in the tongue, is unknown. 
The sensibility of the organ both to touch and to taste is de- 
pendent on the Gustatory^ or lingual branch of the fifth nerve, 
in its two anterior thirds, and on the Glosso-Pharyngeal nerve 
in its posterior third. Whether the filaments it receives from 
the internal laryngeal branch of the Superior Laryngeal nerve 
connect the tongue more especially with speech, is not known. 

Lips and Cheeks, — The lips being closed, they, with the mus- 
cular walls of the cheeks, assist mastication, in keeping the 
food in the cavity of the mouth, and preventing its accumula- 
tion outside the dental arches. They serve also for the pre- 



194 INSALIVATION. 

hension of the aliment, for suction, articulation of sounds, 
and the expression of the passions. The muscles concerned in 
these actions are under the influence of the facial nerve (portio 
dura), while the sensibility of the parts is dependent on the in- 
tegrity of the sensory branches of the fifth nerve. The muscles 
of mastication — namely, the masseter, temporal, internal, and 
external pterygoid — are supplied by the motor branches of the 
third division of the Jifih nerve. The proper muscle of the 
cheek, the buccinator, is supplied by both the seventh and fiflh 
nerves. 

As the result of these combined operations, the food is broken 
down, the utility of which must be obvious. All chemical pro- 
cesses, and the action of solvents, is favoured by division of the 
matter to be operated on. Too rapid eating is a common cause 
of indigestion ; and considerable masses of food, if not broken 
by the teeth, pass through the digestive canal unaltered, and 
deficient nourishment is the result, and this especially if such 
masses be principally vegetable, or contain the skins of fruit 
and husks of grain. 

Insalivation. 

In the mouth, masticated food is intimately mingled with 
the saliva, a viscous fluid, which is secreted from a considerable 
number of glands. 

Salivary Glands. — The true salivary glands are the parotid, 
submaxillary, and sublingual glands. Scattered over the sur- 
face of the mouth and tongue, however, are various others, such 
as the labia], buccal, palatine, and lingual glands, and the ton- 
sils. Most of these are of the lobulated or racemose variety, 
terminatiag in acini, or csecal pouches, in groups commimicating 
with a duct (Plate IX. fig. 2). Others contain closed sacs, as in 
the tonsils (Fig. 5), or depressed follicles (Fig. 6). Mixed saliva, 
on microscopical examination with a power of 250 diameters, 
may be seen to contain groups of flattened epithelial cells, from 
the surface of the mouth, mixed with globular nucleated or true 
salivary cells, shewing Brunonian movements and numerous 
molecules (Table IX. fig. 3). 

Chemical Composition of Saliva, — Water is present in 1000 
parts from 995 to 992, and solid residue from 5 to 8 parts. It 
contains a peculiar animal principle, Ptyaliny in from 1 to 4 
parts ; epithelial mucus from 1 to 2^ parts ; fatty matters from 
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•J^ to 2 parts ; salts from 1 to 2J parts ; and sulpho-cyanide of 
potassium from *06 to *10 parts. Saliva is alkaline. 

Functions of the Saliva, — Its uses are — 1st, By keeping the 
mouth moist, to favour articulation ; 2d, To assist in mastica- 
tion, it being much more difficult to break down dry than 
moist substances ; 3d, To facilitate deglutition, as it is impos- 
sible to swallow dry matters ; 4th, To operate upon certain con- 
stituents of the food chemically, and, though there is great 
difference of opinion as to how this is accomplished, it is sup- 
posed to act more especially on the starchy constituents, readily 
converting them into glucose or grape sugar ; 5th, Liebig sup- 
poses that, owing to the viscidity of the saliva, air, in the form 
of froth, is carried to the stomach, and there yields up its oxygen 
to unite with the tissues or the food. 

It is the Ptyalin in Saliva which operates in a peculiar way 
upon starch, like a ferment, and a very minute portion seems to 
be sufficient for the purpose. One part converts 2000 parts of 
starch into dextrin and sugar (Mialhe). Bernard has shown, 
however, that other animal fluids possess a similar property, 
but in a more feeble degree. According to him, buccal saliva 
is a mixed fluid, and originates from three sources, each of 
which communicates special properties to it. Thus the parotid 
glands secrete a clear, liquid fluid necessary for mastication \, 
the submaxillary glands secrete a more gelatinous fluid, which 
is connected with the sense of taste ; and the sublingual and 
palatine glands furnish a viscous, mucous matter, which sur- 
rounds the bolus externally, and causes it to slide more easily 
through the fauces and oesophagus. According to Bidder and 
Schmidt, about 3j lbs. of it are secreted daOy ; but Harley 
estimates it from 1 to 2 lbs. 

Influence of the nervoy>8 system, on salivation, — The food in 
the mouth constitutes the stimulus for the flow of the saliva, 
and the common expression of the idea of a feast making 
a man's mouth water, shews that the secretion may be ex- 
cited by mental emotions. According to the experiments of 
Bernard, and of subsequent investigators, there are two nervous 
arcs which, through reflex action, excite salivation ; the one 
having for its centre the brain, and the other the submaxillary 
ganglion. In this way he explained the increased flow of 
saliva (1.) on irritating the glosso-pharyngeal and lingual nerves 
in the mouth ; (2.) by irritating the facial nerve or the chorda 
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tympani ; (3.) by irritatiDg the muscles of mastication ; (4.) by 
irritating the fourth ventricle in the brain, or the upper ex- 
tremity of the sympathetic divided in the neck ; (5.) by mental 
emotions ; and (6.) by certain poisons operating on the blood, 
such as the Calabar bean, Mercury, or Woorara. PflUger de- 
scribes and figures the extremities of the nerve tubes forming 
direct communication with the salivary gland cells, but this has 
not been confirmed by other histologists, and is denied by 
Heidenhain.''^ 

Dbolutition. 

The food, reduced to a minute pulp by means of mastication 
and insalivation, is now carried from the mouth, through the 
CBsophagus or gullet to the stomach (Plate IX. fig 1, A). This 
is accomplished by a rapid contraction of numerous muscular 
parts, which unite together to produce the desired effect by the 
agency of a certain series of nerves acting through the spinal 
cord ; hence called diastaltic (ita, throughj ^riXXtty to contract). 
So long as the bolus of food is contained in the anterior part of 
the mouth, it is under the control of the will, but once pushed 
back by the pressure of the tongue against the hard palate, to 
the posterior third of the tongue, it is involuntarily conveyed 
into the stomach. For this purpose the lips are closed, to pre- 
vent escape of the morsel anteriorly ; the soft palate is elevated 
by the levator palati and circumflexua or tensor palati muscles to 
prevent its passage into' the nasal cavities above ; the contrac- 
tion and backward action of the tongue presses the epiglottis 
over the larynx, which, however, is closed essentially by the ap- 
proximation of the true and false vocal cords, and the lapping 
over these of the epiglottis which touches the posterior wall of 
the pharynx, as shewn by Czermak with the laryngoscope. 
This effectually prevents the food from passing into the wind- 
pipe inferiorly ; and thus, no other mode of escape being left 
open, the pressure of the various muscles of the mouth, phaiynx, 
and oesophagus carries it by a continuous wave-like motion from 
above downwards towards the stomach. The cardiac orifice of 
the stomach then opens, and the bolus slips through into that 
viscus. The mucous surface of the oesophagus is kept moist by 

* See Sydenham Society's Translation of Strieker's Histology, p. 428, figs. 78, 
79, 80, 81, 82 ; and Heidenhain's Studien des Pliyslolog., Institutes zu Breslaa, 
1868. 
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a series of small compound racemose mucous glands, the secre- 
tion from which facilitates the process. (See Plate IX. fig 10). 
The nervous influences affecting deglutition will be described 
under the head of Eeflex or Diastaltic Actions. 

Digestion in the Stomach. 

The stomach is a bag (Plate IX. fig 1, E) in which further 
mechanical and chemical processes are made to operate upon 
the food in order to fit it for assimilation or conversion into 
blood and tissues. It is of various forms in different animals, 
and more or less complex in its structure. In man of adult age 
its internal surface has an area of about one and a quarter 
square feet ; its capacity is about one hundred and seventy-six 
cubic inches or five pints ; its weight is seven ounces. In women 
and children these estimates must be lowered, but they are in- 
creased by habitual distension, and by the relaxation of old age, 
and diminished by exercise, and by the practice of taking small 
meals (Brinton). The substance of this bag is composed of a 
serous membrane externally from the peritoneum, a muscular 
coat in its centre, and a mucous layer internally. The muscular 
coat is composed of three layers of contractile non- voluntary fibre, 
which closes upon the food, and subjects it to trituration or 
kneading, whereby the whole of it is intimately mingled together, 
and mixed with the gastric juice. It is also pushed about in a 
certain direction, moving along the great curvature from left 
to right, and then along the lesser curvature, from right to left. 
These motions continue until the entire mass of food is broken 
down into a fine pulp, called chyme^ which passes out of the 
stomach through the pyloric orifice. The stomach seems to be 
more irritable during the period of digestion, and its contrac- 
tility more energetic ; so that a stimulus will operate then which 
will produce no effect in the interval, or when fasting. Hence 
is explained why, during digestion, the outward orifice is so 
firmly closed that nothing but the finest pulp passes through it ; 
but this process once over, undigested masses, and even large 
bodies, such as coins, have been known to go through. The 
different motions of the stomach now spoken of have actually 
been seen to take place in the living human body, in a remark- 
able case, the study of which has so improved our knowledge of 
this function that it deserves especial notice. 

Ca%€ of St Martin, — St Martin was a Canadian, eighteen 
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3'ears of age, who, when in perfectly good health, was accident- 
ally wounded by the discharge of a musket on the 6th of June 
1822. " The charge," says Dr Beaumont, " consisting of powder 
and duck-shot, was received in the left side, at the distance of 
one yard from the muzzle of the gun. The contents entered 
posteriorly, and in an oblique direction, forward and inward, 
literally blowing off the integuments and muscles to the size of 
a man's hand, fracturing and carrying away the anterior half of 
the sixth rib, fracturing the fifth, lacerating the lower portion 
of the left lobe of the lung, the diaphragm, and perforating the 
stomach." From this injury he gradually recovered, but the 
orifice never closed. When healed, twelve months after the 
accident, the perforation was two-and-a-half inches in diameter. 
Subsequently a small fold of the mucous coat of the stomach 
appeared, which gradually increased till it fiUed the aperture, 
and acted as a valve, so as completely to prevent any efluz from 
within, but to admit of being pushed back by the finger from 
without. Dr Beaumont, who had carried this difi&cult case to a 
successful termination, took the man into his service, and com- 
menced a series of careful observations, which he has embodied 
in one of the most instructive works extant on the subject of 
digestion. On placing a solid substance through the opening 
into the stomach of St Martin, it was seen by Dr Beaumont to 
be subjected to the movements described. 

Other cases of permanent openings into the human stomach 
have since occurred. That of an Esthonian peasant — ^a woman, 
aged 33 — came under the observation of Bidder and Schmidt, 
who made several observations upon her. Two others I have 
seen myself, but their general health was so bad as to prevent 
the possibility of watching the process of digestion in them with 
any advantage. 

The'movements of the stomach, though useful in perfecting 
and facilitating digestion, do not constitute the essential part of 
the process, as was shewn by the experiments of Spallanzani, 
who caused perforated metallic balls to be swallowed, filled with 
food, which, notwithstanding the absence of trituration, was 
perfectly digested in the stomach. 

Inflwence of the nervous system on digestion. — Dr John Eeid 
ascertained on cutting both vagi nerves, that the food was only 
digested towards the circumference of the mass, where it was 
in contact with the coats of the stomach. His experiments, 
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however, were performed on herbivorous animals (horses, asses, 
and rabbits) where the food is bulky and difficult of solution, 
requiring to be constantly changed in its position. On repeating 
the experiments on dogs fed upon flesh, he found the food per- 
fectly digested after action of the x>agx. The movements of the 
stomach, therefore, though useful in all animals, and necessary 
in some, do not furnish the essential conditions for digestion, 
which are supplied by the gastric juice and a suitable temperature. 
The structure of the gastric mucous rMmhrane. It is composed 
of tubules from J to 1 line in length, and about I'SOOth of an inch 
in diameter, running parallel with, and closely applied to, each 
other. Their shut bases rest on the submucous tissue, and 
their open extremities are directed towards the cavity of the 
stomach, where groups of from three to six open in slight 
polygonal depressions on the surface called alveoli (Plate X. a, 
fig. 1). The open mouths of these glands are somewhat con- 
stricted, the amount of this, however, varying with the dis- 
tension or contraction of the viscus (fig. 2). On being mag- 
nified 250 diameters linear, they may be seen to be of two 
kinds, one lined with columnar epithelium throughout, most 
abundant near the pylorus, and supposed to secrete only mucous 
(Plate X. fig. 8) ; the other only lined by columnar epithelium 
above, and containing molecules and cells below, which form the 
gastric juice. These latter tubes exist over the cardiac and 
middle portions of the stomach, and on careful examination will 
be found to contain molecules, nuclei, and cells in different stages 
of formation, as figured by Frerichs. (See Plate X. figs. 3, 4, 5, 
6, 7.) The large cells which secrete the gastric juice are seen 
in situ — figs. 6 and 7, and isolated, ^g, 9. It is those cells 
containing the gastric juice which are poured forth in enormous 
numbers during the period of digestion, and, by their rupture, 
yield the pecuKar acidulated organic fluid so essential for the 
process. In the intervals of digestion, fresh cells and juice are 
secreted within the folhcles, and the reaction of the inner lining 
of the stomach becomes neutral or alkaline. Shut sacs, like 
those of Peyer's glands, are also found in the mucous membrane 
of the stomach, most numerous near the pylorus, and best seen 
in the stomachs of infants and children (PI. X. fig. 10). 

The conditions favourable for good digestion in the stomach are 
—Ist, A temperature of about 100° Fahr. = 37-7° Cent. ; 2d, 
Constant movement of the walls of the stomach, which brings 
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in tnicceaaion every part of the food in contact with the mnoons 
membrane and gastric juice ; 3d, The removal of such portions 
as have been fully digested, so that what remains undigested 
may be brought more completely into contact with the solvent 
fluid ; and 4th, A state of softness and minute division of the 
aliment. Numerous experiments have shewn that digestion 
will go on in gastric juice out of the stomach, but that it takes 
three or four times longer a period than when performed by 
stomach itself. (See Gastric Juice, p. 202.) 

According to the experiments of Dr Beaumont upon St 
Martin's stomach, the rapidity of digestion varies according as 
the food is more minutely divided, whereby the extent of sur- 
face with which the gastric fluid can come in contact with it is 
proportionally increased. Liquid substances are for the most 
part absorbed by the vessels of the stomach at once, and any 
solid matter suspended in them, as in soup, are concentrated 
into a thicker material before the gastric juice operates upon 
them. Solid matters are affected so rapidly during health, that 
a full meal, consisting of animal and vegetable substances, may 
be converted into chyme in about an hour, and the stomach 
left empty in two hours and a half. Dr Beaumont found that 
among the substances most quickly digested were rice and 
tripe, both of which were digested in one hour. Eggs, salmon, 
trout, apples, and venison were digested in one hour and a 
half ; tapioca, barley, milk, liver, and fish, in two hours ; tur- 
key, lamb, and pork, in two hours and a half. Beef, mutton, 
and fowls required from three to three and a half hours, and 
these were more digestible than veal. These facts were differ- 
ent from what was anticipated, and shew that prevailing notions 
as to the digestibility of different kinds of food are very erro- 
neous. It must be remembered, however, that easy digestibility 
does not imply high nutritive power. A substance may be 
nutritious, though so hard as not to be readily broken down ; 
and many soft, easily digested materials may contain a compa- 
ratively small amount of nutriment. 

Other circumstances besides those referred to affect digestion 
in the stomach. Among these are — Ist, The quantity of food 
taken : the stomach should be moderately filled, but not dis- 
tended ; 2d, The time which has elapsed since the last meal, 
which should always be long enough for the food of one meal 
to have completely left the stomach before more is introduced ; 
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3d, The amount of exercise previous and subsequent to a meal, 
— ^gentle exercise being favourable, and over-exertion injurious 
to digestion ; 4tb, The state of mind, — tranquillity of temper 
being apparently essential to a quick and due digestion ; 5th, 
The bodily health ; 6th, The state of the weather ; 7th, Period 
of life, — digestion being more active in the young than in the 
old. 

Digestion in the Intestines. 

The intestines have been divided into small and large, and 
each of these subdivided into three portions. Thus the small 
intestine is divided into duodenum (see Plate IX. fig. 1, I), 
jejunum (K), and ileum (L) ; and the larger intestine into 
caecum (M), colon (N), and rectum (O). The whole constitutes 
a hollow tube, with serous, contractile, and mucous coats, simi- 
lar to but not identical with those of the stomach. The food 
operated on in the manner described enters the upper part of 
this tube — the duodenum — in the form of a thick, 'grumous 
fluid, chyme^ of a strong, disagreeable acid odour and taste, and 
containing undigested portions of the food. This is now pro- 
pelled from above downwards by the action of the contractile 
fibres of the intestine. As it descends, it is subjected to two 
kinds of operations — 1st, The influence of various fluids with 
which it is mixed ; and 2d, The gradual absorption of its nutri- 
tive substance through the intestinal walls into the system. 

Shortly after the chyme has passed out of the stomach, it 
becomes mixed with the bile and pancreatic juice — two fluids 
secreted respectively by the liver and the pancreas, which in man 
enter the duodenum by a common opening. The exact influence 
exerted by the bile on the chyme is not accurately known ; but 
it is supposed to neutralise somewhat the gastric juice, and so 
to operate as to render the nutritive and excrementitious matter 
more easily separable. The bile serves other purposes in the eco- 
nomy, which will be dwelt on subsequently. The pancreatic juice 
is a clear alkaline fluid, which has the property, when mingled 
with a drop of oil, of emulsionising it with the greatest readiness. 
Numerous observations and experiments by M. Bernard have 
shewn that it operates with the greatest readiness on the fatty 
constituents of the food ; and that in such animals as have the 
pancreatic separated from the biliary duct for some distance, as 
in the rabbit, milky chyle is only formed in the lymphatics 
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after the food haa passed the former. Hence there can be 
little doubt it does emulsionise the fluid fat of the food, and fit 
it for assimilation. At the same time, recent observations 
shew that this is not its ezdusiye action, but that it also assists 
in digesting the other constituents which have escaped the 
operations of the mouth and stomach. The chyme is also 
mingled with the fluid of the Brunerian glands of the duo- 
denum, which are true compound racemose glands (Plate X. fig. 
12), and of the glands of Peyer and lieberkuhn (Plate X. figs. 
10, 11, 13, 19, 20, 21), scattered over the small intestine generally. 
As the chyme passes along the intestinal canal from above 
downwards, it is squeezed by successive contractions of the 
tube forcibly against the mucous coat of the intestine. This is 
covered with prominences of various forms and lengths, deno- 
minated vULi^ which are pendulous folds or projections of the 
mucous coat itself, covered by epithelium, and enclosing blood 
vessels, one or more lacteal vessels, and fine muscular fibres, so 
that they present a great extent of surface, over which the chyme 
passes (Plate X. figs. 12, 13, 14, 20, 21). The more fluid parts, 
coutaining such portions of the food as have been reduced to 
excessive fineness, now pass through the membrane, and enter 
a series of ducts provided for that purpose. (See Chylification,) 
As the chyme, therefore, descends the alimentary tube, it is 
constantly losing its more fluid and nutritive portions, while 
other portions of it are being still farther digested and pre- 
pared for a like absorption. On reaching the caecum, or com- 
mencement of the large intestine, it assumes a fsecal odour, and 
has now lost nearly the whole of its nutritive matters. Such as 
remain, however, are absorbed by the large intestine, whilst the 
useless matter becomes more and more solid, until it is expelled 
through the rectum. Supposing that 30 oz. of solid nutriment 
have been taken in the course of twenty-four hours by a healthy 
individual, only 5 oz. of these are expelled as faeces ; so that 25 
oz. have been prepared, elaborated, and finally passed into the 
body to form blood, and through it into the various tissues and 
secretions, to supply the wants of the economy. 

Digestive Fluids. 

1. The saliva. (See p. 194.) 

2. The gastric juice is slightly acid, and contains a peculiar 
animal principle, pepsin. It has been much disputed by che- 
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mists whether the acid be hydrochloric or lactic. Probably, 
Bometimes the one, and sometimes the other, is in excess. (See 
p. 11.) The gastric juice has an extraordinary solvent power on 
the albuminous constituents of the food, as well as on gelatin^ 
chondrin, and gluten, which, when dissolved in.it, produce a 
material called peptone. One part of pepsin dissolved in 
60,000 parts of water will effect this. In children, and in 
healthy adults dying suddenly after a full meal, the gastric 
juice often acts upon the coats of the stomach after death, when 
its most dependent part, where the fluid gravitates, is dissolved. 
The gastric juice has no further influence on fatty substances 
than that of liquifying them ; so that the albuminous and fatty 
constituents of the food pass into the duodenum in a liquid 
state, mingled with broken-down portions of animal and vege- 
table substances, in the form of a pulp called chyme. This is 
then mingled with the bile and pancreatic juice. 

3. The hile is a slightly alkaline, opaque, and brown-coloured, 
bitter, ropy fluid, which neutralises the action of the gastric juice, 
and renders albuminous substances again soluble. It contains 
cholestrine, taurochocolate, and glycochocolate of sodium and 
potassium, fats, salts of fatty acids, mineral salts, and colouring 
matter. (See Chemistry of the Tissues, pp. 12, 16, 17, 19, 32, 33.) 
Place a piece of meat in a glass vessel with some gastric juice, and 
it will soon become digested ; but if a little bile be added, the 
digestive process is suddenly arrested. The gastric juice pre* 
serves its acidity, but loses its digestive power. This, accord* 
ing to Bernard, depends upon the precipitation of its pepsin. 
Certainly a yellow deposit is thrown down, which adheres to 
the sides of the intestine, and which is only again rendered 
soluble by the other intestinal fluids. It is owing to this pro- 
perty of the bile that digestion is at once arrested when any of 
it regurgitates into the stomach, causing loathing for animal 
food, nausea, eructation of bile and vomiting, or so-called bilious 
symptoms. (See Excretion from the Liver.) 

4. The pancreatic juice, according to Bernard, is a colourless, 
viscid, clear fluid, which becomes frothy on agitation, and is 
invariably alkaline. Exposed to heat, it coagulates firmly and 
imiversally, as it does also on the addition of nitric, sulphuric, 
and hydrochloric acids. It contains a protein substance, wliich 
has all the powers of the secretion, caUed pancreatin, a small 
amount of mineral salts, extractive matters, and some fat. It 
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poe acfl o co in a high degree the power of emnlBioiUBiiig fluid fat& 
(See p. 118.) It also changes amyhioeons matters into sagmr 
within the intestine, and may assist in disintegrating the bile, 
and rendering it more of an excretory product. 

6. The xntettinaljuice, secreted by the Brunnerian and other 
glands of the intestine, has been shewn by Bidder and Schmidt 
to be capahle of dissolving the albuminous constituents of the 
food which have escaped the solvent action of the gastric juice. 
How far the glands of Brunner may influence digestion dif- 
ferently from those of other intestinal glands, has not yet been 
determined. 

The quantity of the fluids secreted daily is, according to 
Bidder and Schmidt, as follows : — 



Saliva 


3*5 pounds. 


Bile . 


3-5 „ 


Grastric juice . 


. 141 „ 


Pancreatic juice 


0*44 pounds. 


Intestinal juice 


0-44 „ 



The large quantity of these five digestive fluids, amounting to 
about 22 lbs. daily, contains little solid matter. They are evi- 
dently designed to dissolve and act chemically on the aliment. 
While some of them operate more especially on one kind of sub- 
stance, others do so more particularly on another, at the same time 
that they are not exclusively directed to one object. Thus the 
pancreatic juice may do other things besides emulsionising fat, 
and the intestinal juice may perform lower down in the canal 
what the stomach has failed to accomplish. Then the import- 
ance of the peristaltic movements of the intestines must not be 
overlooked, which intimately mix the food with the different 
secretions, and constantly propel the mass from above down- 
wards along the tube. Lastly, all the various processes are 
necessary to and assist one another. The saliva, when swal- 
lowed, stimulates the secretion of gastric juice, as does this in 
its turn the flow of the bile, pancreatic, and the intestinal juices; 
and hence why indigestion may arise from a permanent excess, 
diminution, or perversion of any of these secretions, as well as 
of the nervous or muscular actions concerned in the digestive 
process. 
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Chylification and Sanguification. 

The food, prepared and acted upon in the manner described^ 
is gently propelled by the peristaltic contractions of the ali- 
mentary canal along its interior, and is at the same time 
pressed against the numerous villi that project from all parts 
of the mucous surface. These organs, covered with a layer 
of conical or cylindrical epithelial cells (Plate X. figs. 14 
and 15), imbibe the more finely molecular particles of the 
chyme, which pass through the delicate walls of the cells, and 
may be seen shortly after digestion collected in their interior. 
The watery fluid of the chyme is for the most part absorbed 
by the blood vessels. 

By some it is thought that the fine lines seen on the broad 
extremities of the cells are minute canals (Plate X. figs. 14 
and 17), through which the matter passes (KSlliker). Others 
suppose they are embryonic, or not yet separated cilia, and 
analogous to the structure of similar cells seen on the respira- 
tory mucous membrane (Gruby and Delafond). According to 
Heidenhain, Briicke, and FuiJce, there is a direct connection 
between the epithelial cells covering the villi and the chyle duct, 
as seen in Plate X. fig. 22. Letzerich, on the other hand, sup- 
poses that flask-shaped bodies, which occur here and there among 
the epithelial cells, are the only absorbing parts, and that these 
are connected directly with a plexus of minute chyle vessels 
which terminate in the larger one in the interior of the villus, 
as seen Plate X. fig. 23. All these views have been disputed ; 
and, indeed, the histological inquiry is one of great difficulty. 
It is most probable that the passage of the molecular matter 
from the chyme into the epithelial cells is owing to endosmose, 
assisted by the mechanical pressure exercised by the muscular 
waUs of the intestine. The mechanism of the transmission of the 
molecular chyle into the primary chyle duct is as yet unknown. 

The molecular fluid so derived from the chyme, and absorbed 
into the chyle vessels of the villi, now passes through the lym- 
phatic glands, and receives contributions from them and others, 
the whole of which may be regarded as secreting the blood, and 
are, therefore, called the hLood glaivds. These consist of the 
lymphatic glands generally, of the glands of Peyer, of the spleen, 
tupra renal capsules, thyroid and thymus glands, and of the 
pituitary and pineal glands. 




jo6 CHYLIFICATION AND SANGUIFICATION. 

The lympKa^glattdt.—k. lymphatic gland nmiisU of » cortiia] 
and medoUaij portioD, cmnpoaed of ponchea at w>a» aeparated 
br fibrous tiwne, and nirroaiidod b; a firm fibrotu maiolw&iie, 
whicli is riclil; anppliod b; blood-veMek. The interior ai 
thoM pouchM or net, which commuDicate with each other, 
eontaiiiB a molecular fluid, in which ntimeroos uoclei and a 
few cells maj be found in all itagea of development. (See 
Plate X. fig. S4). According to Hie, there ia a qntce left 
arouad the gland pnlp, between it and the wall at the a>c, 
which he t«rma the lymph tinui or lymph ehanneL The 
afferent lymphatics terminate in the lymph eirnwee of the 
cortical portion, while the efferent commence in those of the 
mednllary portion. These glands are widely distributed throngh- 
out the body, and are connected together by lymphatic vesaels, 
having Tolvea in their interior, which only admit of the fluid 
they contain paning in one directicm. (Plate X. fig. 85.) 

Theglandi of Feyer.—l agree with BrUcbe in coosideriiig aa 
the first series of lymphatic glands. They are scattered orer the 
intestinal mncons membrane from the stomach to the rectum, and 
may be solitary or aggregated together in patches, the latt«r be- 
come larger as they descend the small intestine. They ccuaist 
of a shut sac composed fi fibrous tissue, and contain numerous 
molecules and nuclei and a few cells, or so-called lymphktic 
elements. (See Table XI. fig. 19, SO, and SI.) 

Tkt Mpleen. — This organ is composed of a fibrous envelope 
which sends in fibrous bands or trabecules uniting with one 
another, bo as to divide its substance into irregnlarly-Bized 
spaces filled with a reddish pulp. The pnlp consists of nuclei 
and cells, mingled with blood corpuscles isolated or grouped 
togethei^-oft«D surrounded by an slbuminuous envelope — in 
all stages of disintegration. The trabeculte contain numerous 
nucleated fusiform cells. It is richly supplied with lymphatics 
and blood vessels. Coimect«d to the coats of the smaller 
arteries are shut sacs, from the one-thirtieth to the one- 
sixtieth of an inch in diameter, exactly like the glands of Peyer, 
called the Malpighian bodies of the tpleen, containing lymphatic 
elements. (Plate XL fig. 1.) 

The fupra-renal eapralei consiste of a cortical aud medullary 
substance, the former contain elongated shut sacs rarying in 
size, lying side by side, and contain the same lymphatic elements 
ss the glands of Peyer and the Malpighian bodies of the spleen. 
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(Plate XI. fig. 2.) The medullary portion is essentially fibrous, 
with granular cells embedded in its substance. Dr Addison 
considered that disease of these organs produced a dark brown 
or sallow tint in the skin, and there can be no doubt that the 
two do often coincide. But the exceptions are so numerous as 
to prevent our belief in the necessary connection between one 
and the other. 

The Thymus gland consists of hollow lobules or pouches united 
together by fibrous tissue, and filled with the same lymphatic 
elements as exists in the other blood glands. They all communi- 
cate with a central reservoir from which there is no outlet. It 
is large in the human infant shortly after birth, but in a few 
years commences to diminish in size, and after puberty is con- 
verted into a mass of fat. Hence it is only active as a blood 
gland during early childhood, and loses its glandular character 
as age advances. (Plate XI. figs. 4 to 8.) 

The Thyroid gland consists of a dense fibrous stroma, embedded 
in which are numerous shut sacs filled with the same lymphatic 
elements we have referred to, and occasionally lined by a distinct 
membrane with adherent epithelial cells. It also, like the 
thymus, is comparatively large in infancy, but in adult age 
degenerates not so much like that gland by fatty degeneration, 
as by the deposition into the shut sacs of colloid or glue-like 
matter. (Plate XI. fig. 3.) 

The Pituitary arid Pvaedl glands, in their general structure, 
resemble the glands just noticed, being composed of fibrous 
tissue enclosing shut sacs, the latter containing calcareous 
deposits. This renders it probable that at an early period of 
life they performed similar functions to the blood glands. 

All these organs resemble one another in structure, contain- 
ing pouches or shut sacs, rich in a molecular fluid and multi- 
tudes of naked nuclei They have no ducts, are very vascular, 
and are connected with the thoracic duct by numerous minute 
channels or lymphatics. No diflference whatever can be distin- 
guished between the glandular contents of these organs and 
those of the lymphatic glands ; and other facts connected with 
their morbid states — more especially the production of leucocy- 
thsemia — serve to convince us that, like them, they are connected 
with sanguification ; hence their modem name of blood glands. 
The whole system of lymphatic glands may be said to secrete or 
form the blood corpuscles, although the nature of the blood, as a 
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whole, being very complex, cannot be clearly understood until 
we study the results of the secondary digestion. 

All these lymphatic glands produce changes in the chyle as it 
is obtained from the chyme. Peyer's glands operate upon it first. 
These are succeeded by the lymphatic glands in the mesenterv, 
and are further influenced by the spleen, suprorrenal capsules, 
and other glands. All of them are connected with one another 
by lacteals, which ultimately terminate in the thoracic duct. 
They serve to subject the molecular chyle as it is first derived 
from the chyme to the action of these glands. There the onward 
flow of the fluid is somewhat delayed ; an exchange takes place 
between it and the surrounding blood, and nuclei and cells are 
formed — more especially, however, nuclei — by molecular aggrega- 
tion. Hence why, on cutting into these glands shortly after 
digestion, and examining microscopically the fluid they contain, 
it may be seen that a molecular fluid (first described by Gulliver) 
is more or less crowded with naked nuclei, which resist the 
action of acetic acid. On repeating the observation on fluid 
taken from the thoracic duct the same thing is noticeable, only 
several of the nuclei are now flattened, and in every point, except 
colour, closely resemble the blood corpuscles (Plate III. figs. 1 
and 2). It is clear, therefore, that chylification and sanguifica- 
tion are perfected through the action of the lymphatic glands 
upon the molecular chyle ; that in them the blood corpuscles 
are formed, and conveyed by the thoracic duct into the circu- 
lation at a point not far from the right side of the heart ; from 
thence they are rapidly propelled into the lungs, where, on 
being exposed to the oxygen of the atmosphere, they assume 
colour, and thereby become the coloured corpuscles of the blood. 

Leucocyth^mia. 

This condition of the blood, consisting of a marked increase in 
its colourless cells from diseased blood glands, I discovered in 
1845, in a case of hypertrophy of the liver, spleen, and lymphatic 
glands. At that time the subject of inflammation and pyaemia 
was engaging the attention of pathologists. By W. Addison and 
Williams, it was maintained that an increase in the colourless 
cells was the cause of inflammation. Piorry talked of a hsematitis, 
or inflammation of the blood, as a cause of pyaBmia, by which 
expression others meant absorption into and admixture of pus 
with the blood. All these views were at once overthrown by 
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the publication of my case, which demonstrated the admixture 
of numerous colourless cells identical with those of pus in the 
blood without inflammation or pyaemia. The name given to 
these corpuscles is of little importance. Call them pus cells, 
colourless cells, or leucocyths after Eobin ; speak of the fluid in 
'which they occur as a purulent fluid, as leukhsemic fluid, or as 
a leucocytotical fluid (!) (see Virchow's "Cellular Pathology," 
p. 167), the cells and the fluid are still the same. But to shew 
that, whatever term be employed, the cells and fluid containing 
them were in no way connected with inflammation, was an im- 
portant step in pathology. My case proved, as I stated at the 
time, " that pus can form in the liqueur sanguinis within the 
vessels independent of inflammation^^ But as the words pus and 
suppuration were apt at that time to mislead, I subsequently 
proposed the expression leucocythoemia {xtvuh, white ; xvr»s, 
a cavity or cell ; «V«, blood), or white cell blood, because it "ex- 
presses the simple fact, or a pathological state, and involves no 
theory." 

Six weeks after the publication of my case, Virchow pub- 
lished a similar one,* with the following introduction : — " In 
the older authors observations occur here and there concerning 
blood which had so completely lost its colour that it was likened 
to milk, chyle, mucus, or pus. The communication of the fol- 
lowing case will confirm this apparently fabulous statement." 
The fact that struck him most was the colourless condition of 
the blood. He therefore called it " leukhaemia," or white blood ; 
and although epistaxis occurred before death, and the blood was 
seen to possess its natural colour, he is led by this to the con- 
clusion, " that the remarkable transformation of the red blood 
into white can only have occurred to that decree in the latest 
stages f for the blood of the epistaxis was always red/'* The truth 
is, however, that in this disease, the blood during life is never 
white. The coagula after death are white or colourless ; but 
so they are in a variety of aflections where coagulation takes 
place slowly. 

Thus, while I endeSavoured to prove that a new morbid condi- 
tion was independent of inflammation, Yirchow sought to 
establish the doctrine of a *' white blood," originally put forth 
by Hippocrates, who supposed that this, with the other yellow, 
red, and black bloods, produced the four temperaments. The 

* Froriep*s Neue Notizen, NoTember 1845. 
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real white blood — that is, milky or chylous blood — ^had been 
long known, and is not only different in itself, but is owing to 
different causes. This was clearly shewn in a discussion of the 
Academy of Medicine in Paris, January 29th 1856, where the 
term '' white blood " gave rise to the greatest confusion, the 
most distinguished chemists maintaim'ng they had been familiar 
with it (that is fatty blood) long before my observations on 
leucocythsBmia, or white cell blood, were known. 

In 1845, 1 pointed out that the colourless cells found in the 
blood were identical with those of pus. This, though denied 
at the time by others, is now universally admitted. Distinc- 
tions, it is true, have sought to be established between their 
existence outside and inside the vessels (Yirchow), but these 
have completely failed, while Cohnheim and others have recently 
endeavoured to shew that the pus corpuscles originate innde the 
vessels, traverse their walls, and accumulate outside to constitute 
suppuration. I still believe, however, as I did in 1845, that it 
is only when these bodies accumulate in the blood vessels, inde- 
pendently of inflammation, that the lesion is of a novel charac- 
ter. That is the real question to be considered ajs throwing 
importance on sanguification, and the function of the blood 
glands. 

The importance of this discovery, indeed, is now mauifest, not 
only as demonstrating that admixture of colourless or pus cells 
with the blood in great numbers was not the cause of inflamma- 
tion nor of the so-called condition of pyaemia, but in confirming 
the views of Hewson as to the origin of blood corpuscles in the 
lymphatic glands, which up to that time had not beeo received 
in physiology. In a paper read to the Eoyal Society of Edin- 
burgh in 1852, and in a separate work on Leucocythsdmia, I 
directed attention to this matter."^ The disease is always con- 
nected with hypertrophy in one or more of the blood glands. 
In health, as we have seen, these form the blood corpusdea 
When hypertrophied, many of the nuclei, which, as such, con- 
stitute the coloured corpuscles, are in these glands formed into 
cells, and, entering the blood, thereby increase the amount of 
the colourless cells in that fiuid, and diminish the number of 
coloured nuclei. It is to be regretted that, though acquainted 
with these facts, and my writings on the subject. Professor 

* Leucocythnmla, or White Cell Blood, in relation to the Physiology and Path- 
ology of the Lymphatic Glandular System. Edinburgh. BoyalSvo. Plates. 1862. 
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Virchow, when revising his work on *•' Cellular Pathology " for 
tlie English press, should have published as follows : — ^'' A good 
many years elapsed (after 1845), during which I found myself 
pretty nearly alone in my views. It has only been by degrees, 
and indeed, as I am sorry to be obliged to confess, in conse- 
quence rather of physiological than pathological considerations, 
that people have come round to those ideas of mine, and only 
gradually have their minds proved accessible to the notion that, 
in the ordinary course of things, the lymphatic gUmda and the 
spleen are really immediately concerned in the prodttction of the 
formed elements of the blood" (" Cellular Pathology," by Chance, 
1860, p. 172.) 

The fifth chapter of Hewson's work, containing an account of 

the mauner in which the red particles of the blood are formed 

(p. 274, Sydenham's Society's edition), may be referred to for 

a complete refutation of this claim of Professor Virchow. Hew- 

son says, concerning the production of the formed elements of 

the blood (section 108, op. cit., p. 285) : " But if we allow the 

spleen to make the red part of the blood, we can readily account 

for the reason why the spleen may be cut out of an animal and 

yet the animal survive and suffer but little inconvenience ; for 

though the ojfflce of the spleen is to form the red particks of the 

blood, yet it is not the only organ in the body capable of doing 

that office, for we have already proved (sections 85 and 88) 

that the lymphatic vessels do also form the vesicular portion ; 

the spleen, therefore, is not the only organ capable of doiog 

it," &c. 

It follows — 1st. That Professor Virchow cannot claim the 
discovery of leucoc3rth88mia as a matter of fact and observa- 
tion, because the first case of it was carefully described and 
published by myself, six weeks before he wrote on the subject, 
and was separated from all known lesions as suppuration of the 
blood independently of inflammation, an idea previously un- 
known. 2d. That he cannot claim it in consequence of calling 
it " white blood," as this was spoken of by the ancients, and is 
everywhere known as the. milky or chylous blood of authors. 
3d. That he cannot claim it on the ground that the colourless 
cells of the blood are different from those of pus, as it is admitted 
by himself that they are identical. 4th. That he cannot claim 
it on the ground that he first pointed out the blood corpuscles, 
coloured or colourless, to be derived from the spleen and blood 
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glands, as this was unquestionably made out by Hewson nearly 
a century ago. 

Circulation of the Blood. 

Having seen how the nutritive elements of the food are con- 
verted into blood, we have next to describe the method by which 
that fluid is distributed or circulated throughout the organism. 
This circulation is carried on through the heart, the arteries, the 
capillaries, or intermediary vessels and veins, back to the heart 
again. In the higher animals there may be said to be two cir- 
culations, one connected with the body generally — ^the lystemic 
or greater circulation ; the other with the lungs — the pulmo- 
nary or lesser circulation. Let us suppose that it commences 
with the left ventricle of the heart. (See Plate IX. fig. 1.) 
The blood passes from thence by the aorta through the systemic 
arteries into the capillaries, and back by the veins to the right 
auricle of the heart. From thence it goes into the right ven- 
tricle of the same organ, through the pulmonary artery to the 
capillaries of the lung, in which it is exposed to the atmosphere, 
and then back through the pulmonary veins to the left auricle 
and left ventricle, where we saw that it commenced. In this 
constant round it is subject — Ist. To various forces which serve 
to propel it ; and 2d. To different changes, the result of the 
respiratory and nutritive processes. 

Forces producing the circulation. — The most important force 
which propels the blood is induced by the contractions of the 
muscular walls of the heart, — an organ so constructed that, by 
the union of contractile cavities and valves, the fluid is con- 
stantly sent through it only in certain directions. The action 
of this apparatus is accompanied by certain noises, caused by 
the combined contraction of the muscular walls, the rushing of 
the fluid and the flapping together of the valves, — an exact appre- 
ciation of which is the method by which the modem physician 
is enabled, with wonderful accuracy, to determine the diseases 
or derangements of the organ. 

The heart sounds. — On placing our ear over the cardiac 
region in a healthy person, we feel a beating, and hear two 
sounds, which have been likened to the tic-tac of a watch, but 
to which they bear no resemblance. They may be imitated, 
however, very nearly, as pointed out by Dr Williams, by pro- 
nouncing in succession the syllables lupp, dupp. The first of 
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tliese sounds, which is dull, deep, and more prolonged than the 
second, coincides with the shock of the apex of the heart against 
tlie thorax, and immediately precedes the radial pulse ; it has 
its maximum intensity over the apex of the heart — below and 
somew^hat to the inside of the nipple. The second sound, which 
is sharper, shorter, and more superficial, has its maximum in- 
tensity nearly on a level with the third rib, and a little above 
and to the right of the nipple — near the left edge of the ster- 
num. These sounds, therefore, in addition to the terms first 
and second^ have also been called inferior and superior, long and 
short, dvU and sharp, systolic and diastolic — all which expressions, 
so far as giving a name is concerned, are synonymous. The 
two sounds are repeated in couples, which, if we commence 
with the first one, follow each other, with their intervening 
pauses, thus — 1st. There is a long, dull sound coinciding with 
the shock of the heart ; 2d. There is a short pause ; 3d. The 
short, sharp sound ; and 4th. A longer pause, — all which cor- 
respond with one pulsation. In figures, the duration of these 
sounds and pauses by some have been represented thus — the first 
sound occupies a third, the short pause a sixth, the second sound 
a sixth, and the long pause a third. Others have divided the 
whole period into four parts ; of which the two first are occu- 
pied by the first sound, the third by the second sound, and the 
fourth by the pause. The duration as well as the loudness of 
the sounds, however, are very variable even in health, and are 
influenced by the force and rapidity of the heart's action, indi- 
vidual peculiarity, and form of the thorax. Their extent also 
differs greatly. They are generally distinctly heard at the 
precordial region, and diminish in proportion as we withdraw 
the ear from it. They are less audible anteriorly on the right 
side, and still less so posteriorly on the left side. On the right 
side posteriorly they cannot be heard. Their tone also varies 
in different persons ; but in health they are free from a harsh 
or blowing character. 

Great diversity of opinion has existed regarding the causes of 
these sounds, but we may consider that there coincides with 
the first sound — 1st. The impulse, or striking of the apex 
against the thoracic walls ; 2d. Contraction of the ventricles ; 
3d. Bushing of the blood through the aortic orifices ; and 4th. 
Flapping together of the auriculo-ventricular valves. There 
coincide with the second sound — 1st. Kushidg of the blood 
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through the auriculo-yentricular valves ; and 2d. Flapping 
together of the aortic valves. Contraction of the auricles im- 
mediately precedes that of the ventricles. The result of nume- 
rous pathological observations and of many experiments is, 
that in health the first sound is produced by the combined 
action of the auriculo- ventricular valves, of the ventricles, and 
of the rushing of the blood, which sound is augmented in in- 
tensity by the impulsion of the heart's apex against the thorax ; 
whereas the second soimd is caused only by the flapping together 
of the sigmoid valves. 

Order of tucceition in the action of the heart. — During the long 
pause the whole heart is in a passive state. The auricles, how- 
ever, are gradually filling with blood, a portion of which escapes 
into the ventricles ; but at the end of the pause they contract 
suddenly, and nearly the whole of their contents is propelled 
into the ventricles. This amount of blood, added to that which 
had previously escaped from the auricle, distends the ventricles 
and closes the auriculo-ventricular valves. The ventricle now 
contracts, but more slowly than the auricles, so that the apex 
becomes shorter and rounder. The fleshy columns contract at 
the same moment, causing the closed mitral and tricuspid valves 
to become tense, and the blood rushes through the arterial ori- 
fices, pressing back the sigmoid valves. During the short pause, 
the resistance offered by the elastic large arteries is such, that 
a recoil of a portion of the blood is produced, which flows back- 
wards, distending the semi-lunar valves, and causing the second 
sound. The distension and closure of these valves are more 
perfect the greater the pressure exerted from above, in conse- 
quence not only of their edges, but of their pouch-like sides 
coming into contact. 

Impulse of the heart. — The tilting forward of the cardiac apex 
is caused by the peculiar spiral arrangement of its contractile 
fibres, as clearly E^ewn by John Beid. These fibres, according 
to Pettigrew, are arranged in seven layers or strata, and their 
course may be readily demonstrated by forming a cone out of 
a sheet marked with lines, as represented Plate XL fig. 9. 

The inner surface of the heart is considerably more irritable 
than the outer, and the right auricle retains the power of con- 
tractility longer than any other part of the body, and has con- 
sequently been called ultimum morieTis. The blood is the 
natural stimulus to this contractility, and hence why, the more 
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"blood is forced into it as the result of exercise and increased 
respiration, the more rapid its actions become. The heart, how- 
ever, will continue to contract regularly when cut out of the 
l>ody of an animal recently killed, and when deprived of blood ; 
"but then the stimulus is supplied by the air, or by the table on 
-which it lies." Under any circumstances, the rhythmical action 
of its various parts is owing to the distribution of ganglionic 
nerves in its substance, constituting one of the excito-motory 
actions which will be subsequently described. The heart is 
also readily excited by various emotions of the mind, though 
not by volition ; hence in ancient times it was considered the 
peculiar seat of the affections and passions, — an opinion which 
may be still traced in numerous expressions common to the 
phraseology of all languages even in the present day. 

The force with which the left ventricle of the heart contracts 
is about double that exerted by the contraction of the right, 
which results from the greater thickness of its walls, and the 
greater resistance it has to overcome. It has been calculated 
that the static force with which the blood is impelled in the 
human aorta from the ventricle is equal to that of 4 lb. 4 oz. on 
the square inch, and in that of a mare is equal to 11 lb. 9 oz. 
The frequency of the heart's action is modified by a variety 
of circumstances, which we shall allude to immediately when 
speaking of the pulse. 

Arterial Circulation, — ^The arteries are tubes composed of elas- 
tic and contractile fibrous tissues (p. 84), the former being most 
abundant in the largest vessels, where the pressure is greatest, 
while the latter exist almost alone^ where the impulse of the 
heart is scarcely felt. Their functions are, — 1st, The convey- 
ance and distribution of blood to several parts of the body ; 
2(1, The gradual conversion of the pulsatile or wave-like move- 
ments into a uniform flow ; 3d, By means of their elasticity to 
diminish the resistance which the ventricle has to overcome. 
The diminution of the impulse as the arteries recede from the 
heart, and its ultimate extinction in the capillaries is attribut- 
able, 1st, to the gradually increasing superficies of the vascular 
surface ; 2d, to diminishing elasticity ; and, 3d, to increasing 
contractility as the vessels become smaller. 

The most careful investigations made in modem times by 
Foissieulle, Valentin, and Ludwig, as to the static force of the 
heart and arteries, shew that it is equal to about 4 lb. on the 
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square of inch. Afwiiming the internal superficies of the left 
ventricle to be about thirteen inches, this would give 52 lb. as 
the force it exerts. Now, Hales, more than a hundred years 
ago, calculated it to be 51^ lb., which must not only satisfy us 
of his accuracy as an observer, but convince us that no change 
has occurred in the force of the pulse, either in man or animals, 
during that time. The importance of this fact I shall allude to 
subsequently. The experiments of Marey indicate that there 
are two forces propelling the fluid— one, direct, dependent on 
the heart or pump ; the other, secondary, caused by the recoil 
of the distended blood tube. The intensity of the latter force, 
however, gradually diminishes as the wave of fluid recedes from 
the source of afflux, while the time of the pulse remains the same. 
The ptdse, — ^The blood nowhere passes through an artery so 
rapidly as it is forced into it by the left ventricle of the heart, 
on account of the resistance offered by all the tubes against 
which it is forced. The consequence is, that when it receives 
the wave of blood, both the diameter and length of the vessel 
is increased, and this is followed by a recoil and recovery of its 
previous position, owing to the elasticity of the tube. These 
operations constitute the pulse, which is felt when the finger 
slightly compresses an artery. The pulse differs after violent 
exercise, according to the time of the day and position of the 
body. Exercise raises the pulse. It is quicker in the morning 
than in the evening ; and hence, it has been supposed, why a 
glass of wine is more stimulating early in the day than at night. 
In health, the pulse reaches its maximum about noon, and its 
minimum towards midnight. It is Inore frequent in the erect 
than in the sitting position, and quicker then than in the re- 
cumbent posture. The difference between standing and sitting 
is about 10 pulsations ; between sitting and lying, 5 ; and be- 
tween standing and lying, 15 pulsations ; much, however, 
depends on the muscular effort employed. The natural pulse in 
the adult male may be stated as varying between 60 and 70 
pulsations in the minute ; that of the female being, on an aver- 
age, about 10 beats more. In a newly-born infant, it is from 
130 to 140 ; in old age, from 50 to 60. In diseases, the devia- 
tion from the healthy standard as to frequency is very remark- 
able. It has been known in profound coma to be only 17, and 
in cases of water in the brain in children it has been counted 
200 in the minute. The volume or force of the pulse may also 
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va-ry ; hence the terms 8tr(mg or weak, fvll or small, hard or 
saftj rigid, tense, wiry, thready, &c. As regards rhythm or 
time, it may be regular, irregtdar, unequal, intermittent, jerking, 

Many efforts have been made in recent times to render our 
Icnowledge of the pulse more accurate by means of various 
instruments. The Sphygmoscope of Scot Alison, the Kymo- 
ffraphion of Ludwig, the 8phygmo9ph<me of Upham, and the 
Sjahygmographs of Vierordt, Czermak, and Marey, have been 
employed for this purpose. The Sphygmosphone of Dr Upham 
of Boston, U. S., enables the ear to determine the frequency and 
rhythm of the pulse in individuals many miles off through the 
ordinary electric wire. The Sphygmograph of Marey, with the 
modifications it has undergone, marks off waves on paper or 
glass, which correspond to the pulsations of an artery. The 
wave so marked may be divided into four parts: 1. The 
upward stroke, a, is synchronous with the ventricular contra.)- 
tion, and shews the amount of impulse dependent on the 
systole ; 2. The apex of the wave and upper portion of the 
descending stroke, h, indicates the tension of the vessel during 
the short pause of the heart ; 3. The second elevation in the 
descending stroke, c, is caused by the flapping together of 
the aortic valves, and shews the duration, amount, and rhythm 
of the second sound ; 4. The remainder of the descending 
line, d, is synchronous with the long pause, 
and is influenced by the rapidity with which 
the blood escapes through the capillaries. The 
entire tracing enables us to determine, 1st, the 
mode and duration of the contraction of the heart, 2d, the 
soundness of the arteries, and 3d, the relative quantity of blood 
contained in the arteries and veins, that is the balance of pres- 
sure between the venous and arterial systems. (See Practical 
Physiology.) 

Capillary circulation, — The capillaries, as was previously re- 
marked (p. 85), consist of delicate membranous contractile tubes, 
and their functions seem to be, — 1st, To subdivide the blood, so 
that it may be brought within the attractive influence of the 
tissues ; and 2d, To act as fine filters, permitting an exchange of 
matter to be constantly carried on between the blood and the 
textures. In the transparent webs of certain animals, the blood 
may be seen passing through these tubes in a state of health with 
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a uniform flow. There is no evidence that they exercise anj 
influence in propelling the blood by contracting their walls, but 
there is every reason to suppose that the constant attraction 
exerted by the tissues in drawing nutritive matter from the 
blood must exercise a considerable power in drawing the blood 
onwards. We observe this in plants and animals which have 
no hearts or contractile vessels to propel the nutritive fluid, 
and we see it strongly manifested where, in consequence of 
excessive local growth, the blood increases in a part, as in the 
scalp during the annual growth of the stag's horns, in the breast 
during lactation, in the gums during dentition, in menstruation, 
and so on. In all such cases the vessels of the part are enlarged 
and turgid with blood, a phenomenon formerly ascribed vaguely 
to a " determination of blood to the part," but now known to 
result from the increased attractive force exercised by the tissues 
on the blood in places which are the seat of excessive local 
growth. The same theory serves to explain the phenomenon 
of the morbid process known as inflammation. 

There can be no doubt that the arrangement and forms of 
plexus in the capillaries have much to do with the functions of 
the organs they supply. Where the plexus is dense, the circula- 
tion is more active, and rapid changes are favoured, as in the 
lung or liver. Where, on the other hand, the plexus is large, 
as in the bones, a tendency to mineral deposition is manifested. 
Where the vessels are formed into tufts, as in the kidney, an 
obstruction to the circulation is produced which favours the 
a^mration of water, &c. The character of these plexuses is at 
<xic« demonstrated by successful injections, and the tissues to 
which they belong may be at once detected by microscopical 
investigation. (See various plexuses, Plate XL figs. 10 to 15, 
Plate XIL figs. 3 and 4, Plate XIII. fig. 6.) 

YenovA circulation, — The veins arise from the capillaries, and 
are similar in structure to the arteries, with the exception that 
the elastic tissue is not so thick. It has been supposed that the 
forces propelling the blood through the arteries and capillaries 
are suflicient to cause its return to the heart through the veins, 
but this is assisted by internal valves and by the respiratory 
movements of the chest. The former are numerous, and so 
arranged that the blood can never return towards the capil- 
laries. Every motion of the body and contraction of the 
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znuscleB through which veins pass must — \ij compreaaing them, 
and thereby squeezing the blood towards the heart — assist its 
transit. Expiration favours the flow of blood in the arteries, 
and inspiration favours it in the veins, but to no great extent. 
It does not operate in vessels distant from the thorax. 

We may consider, therefore, that the muscidar force of the 
heart, assisted by the elasticity of the arteries propels the blood 
into the capillaries. Then a new force is superadded dependent 
on the nutritive exchanges constantly going on between the 
tissues and the blood, which conducts it onwards to the veins. 
In them the returning force is assisted by the mechanical action 
of valves and muscular pressure, and near the heart (though in 
a feeble degree), by the movements of respiration. 

Rapidity of the Uood, — It is very difficult to determine the 
rapidity of the blood in different parts of the circulation. This 
has been attempted, however, by means of two instruments, viz., 
the Ifcematachometer of Vierordt and the Hcemadrometer of 
Volkman. (See Practical Physiology.) According to Vierordt, 
it flows at the rate of 10^ inches in a second in the carotid 
artery, and 2^ inches in the metatarsal artery of a man. Ac- 
cording to Volkman, it runs from 12 to 17 inches per second in 
the carotid artery of a horse, and 12 inches per second in the 
carotid of a dog, Chauveau, with a somewtiat improved instru- 
ment, estimated the rapidity of the blood in the carotid of the 
horse at 20*28 inches per second during the systole of the heart, 
but only at 878 inches during the diastole. Lortet pointed out 
that the rapidity is greatest during expiration and least during 
inspiration, but the more recent researches of Einbrodt and 
Burdon Sanderson shew the reverse, viz., that during inspira- 
tion there is increased pressure on the vessels, augmented action 
of the heart, and more rapid flow of blood, while during expira- 
tion pressure on the vessels is diminished and the pulse falls. 
According to Hales, Valentin, and Weber, the blood runs at 
the rate of about an inch per minute in the capillaries of the 
frog. In warm-blooded animals, however, it is more rapid, 
being, according to Volkman, 1*8 inches per minute. In the 
veins the flow of the blood must be diminished, but to what ex- 
tent has not been estimated. From watching the period occu- 
pied by poisons in passing from one part of the body to another, 
as in the experiments of Blake, it would appear that a portion 
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of blood can traverse the entire circulation in the horse in half 
a minute. 

The circulation presents peculiarities within the Cranium , 
in the portal and pulmonary circulations, and in the foetus. 

Pecvliarity of the circulation within the Craniv/m, — ^That the 
circulation within the cranium is different from that in other 
parts of the body was first pointed out by the second Monro. 
It was tested experimentally by Dr Kellie of Leith, ably illus- 
trated by Dr Abercrombie, and successfully defended by Dr 
John Beid. The views adopted by these distinguished men 
were, that the cranium forms a spherical bony case capable of 
resisting the atmospheric pressure, the only openings into it 
being the different foramina by which the vessels, nerves, and 
spinal cord pass. The encephalon, its membranes and blood- 
vessels, with perhaps a small portion of the cerebro-spinal fluid, 
completely fill up the interior of the cranium, so that no sub- 
stance can be dislodged from it without some equivalent in bulk 
taking its place. Dr Monro used to point out that a jar or 
other vessel similar to the cranium, with unyielding walls, if 
filled with any substance, cannot be emptied without air or 
some substance taking its place. To use the illustration of Dr 
Watson, the contents of the cranium are like beer in a barrel, 
which will not flow out of one opening unless provision be 
made at the same time that air rushes in. The same kind of 
reasoning applies to the spinal canal, which, with the interior of 
the cranium, may be said to constitute one large cavity, incom- 
pressible by the atmospheric air. 

Before proceeding further, we must draw a distinction be- 
tween pressure on, and compression of, an organ. Many bodies 
are capable of sustaining a great amount of pressure without 
undergoing any sensible decrease in bulk. By compression 
must be understood that a substance occupies less space from 
the application of external force, as when we squeeze a sponge, 
or compress a bladder filled with air. Fluids generally are not 
absolutely incompressible ; yet it requires the weight of one 
atmosphere, or 15 lb. on the square inch, to produce a diminu- 
tion equal to — i^th part of the whole. Now, this is so exceed- 
ingly small a ch^ge upon a mass equal in bulk to the brain as 
not to be appreciable to our senses. Besides, the pressure on the 
internal surface of the blood-vessels never exceeds 10 or 12 lb. 
on the square inch during the most violent exertion ; so that. 
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tmder no possible circumstances can the contents of the cranium 
be diminished even the g 0.0 00 ^^ P^^* ^'^©n the brain is taken 
out of the cranium, it may, like a sponge, be compressed by 
squeezing fluid out of the blood-vessels ; but during life, sur- 
rounded as it is by unyielding walls, this is impossible. For 
let us, with Abercrombie, say that the whole quantity of blood 
circulating within the cranium is equal to ten, — that is, five in 
the veins, and five in the arteries ; if one of these be increased 
to six, the other must be diminished to four, so that the same 
amount, ten, shall always be preserved. It follows, that when 
fluids are effused, blood extravasated, or tumours grow within 
the cranium, a corresponding amount of fluid must be pressed 
out, or of brain absorbed, from the physical impossibility of the 
cranium holding more matter. At the same time, it must be 
evident that an increased or diminished amount of pressure 
may be exerted on the brain proportioned to the power of the 
heart's contraction, the effect of which will be, not to alter 
the amount of fluids within the cranixmi, but to cause, using 
the words of Abercrombie, "a change of circulation" there, 
and consequently more or less general or local disturbance of 
function. 

Dr Kellie performed numerous experiments on sheep and 
dogs in order to elucidate this subject. Some of these animals 
were bled to death by opening the carotid or femoral arteries, 
others by opening the jugular veins. In some the carotids were 
first tied, to diminish the quantity of blood sent to the brain, 
and the jugulars were then opened, with the view of emptying 
the vessels of the brain to the greatest possible extent ; while 
in others, the jugulars were first secured, to prevent as much as 
possible the return of the blood from the brain, and one of the 
carotids was then opened. He inferred, from the whole inquiry, 
which was conducted with extreme care — " That we cannot, in 
fact, lessen to any considerable extent the quantity of blood 
within the cranium by arteriotomy or venesection ; and that 
when, by profuse hadmorrhages destructive of life, we do succeed 
in draining the vessels within the cranium of any sensible por- 
tion of red blood, there is commonly found an equivalent to this 
spoliation in the increased circulation or effusion of serum, serv- 
ing to maintain the plenitude of the cranum." 

Dr Kellie made other experiments upon the effects of position 
immediately after death from strangulation or hanging. He 
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also removed a portion of the unyielding walls of the cranium 
in some animals by means of a trephine, and then bled them 
to death ; and the differences between the appearances of the 
brain in these cases and in those where the cranium was entire, 
was very great. One of the most remarkable of these differences 
was its shrunk appearance in those animals in which a portion 
of the skull was removed, and the air allowed to gravitate upon 
its inner surface. He says, — " The brain was sensibly depressed 
below the cranium, and a space left, which was found capable 
of containing a teaspoonful of water/' These facts have been 
confirmed by the more recent investigations of Kussmaul and 
Tenner. 

When a piece of the cranium is removed from the cranium 
of a living animal with a trephine, the brain exhibits two kinds 
of movements. One of these is synchronous with the pulse, the 
other with expiration. The first depends upon an elevation of the 
entire brain by the fresh stream of blood driven into the large 
arteries at its base by each contraction of the left ventricle. The 
second depends upon the difficulty which the blood encounters 
in its free passage to the heart during expiration. On carefully 
watching these motions, it will be seen that they do not depend 
upon any recession of the brain from the inner wall of the 
cranium and its subsequent return, but consist of a slight pro- 
trusion through the opening in the walls of the cranium, and a 
return to its former level. It is obvious, therefore, that if there 
were no opening, there would be no movement. This conclu- 
sion, arrived at by John Beid from reasoning, has been demom- 
strated to be correct by Dpnders who, in his experiments on 
rabbits, could never perceive any movement when the opening 
in the cranium was firmly closed with a piece of glass, although 
they were evident enough when it was open. Under such cir- 
cumstances, also, it may be seen that during partial asphyxia, 
the external surface of the brain becomes darker, as if congested ; 
an observation that shews the altered colour of the blood, but 
offers no proof that the quantity of fluid within the cranium is 
increased. 

It Results from these inquiries that there must alwa3n3 be the 
same amount of fluid within the cranium so long as' it is unin- 
jured. In morbid conditions these fluids may be blood, serum, 
or pus ; but in health, as blood is almost the only fluid present 
(the cerebro-spinal fluid being very trifling), its quantity can 
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undergo only very slight alterations. There are many icircum- 
stancesy however, which occasion local congestions in the brain, 
and consequently, ungual pressure on its structure, in which 
case another portion of its substance must contain less blood, 
so that the amoxmt of the whole, as to quantity, is always pre- 
serred. These circumstances are mental emotions, haemorrhages, 
effusions of serum, and morbid growths. Such congestions, or 
local hyperemias, in themselves constitute morbid conditions ; 
and nature has to a great extent provided against their occur- 
rence under ordinary circumstances, by the tortuosity of the 
arteries and the cerebro-spinal fluid, described by Magendie. 

Dr Burrows has brought forward several observations and 
experiments, which he considers opposed to the theory now 
advocated. His facts are perfectly correct. We have repeated 
his experiments on rabbits, and can confirm his descriptions. 
It is the inferences he draws from them that are erroneous. 
For the paleness that results from haemorrhage, and the differ- 
ence observable in the colour of the brain when animals imme- 
diately after death are suspended by their ears or by their heels, 
are explicable by the diminished number of coloured blood par- 
ticles in the one case, and by their gravitation downwards in the 
other. That the amount of fluid within the cranium was in no 
way affected, is proved by the plump appearance of the brains 
figured by Dr Burrows, and the total absence of that shrunken 
appearance so well described by Dr Kellie. Neither does our 
observation of what occurs in asphyxia or apnoea, oppose the 
doctrine in question, as Dr Burrows imagines, but rather 
confirms it. 

On the whole, whether we adopt the terms of local congestion, 
of change of circulation within the cranium, or of unequal 
pressure, our explanation of ^'b'paikologicdl phenomena may be 
made equally correct, because each of these modes of expression 
implies pretty much the same thing. But if we imagine that 
venesection will enable us to diminish the amoimt of blood in 
the cerebral vessels, the theory points out that this is impossible, 
and that the effects of bleeding ^are explained by the influence 
produced on the heart, the altered pressure on the brain exer- 
cised by its diminished contractions, and the change of circula- 
tion within the cranium thereby occasioned. 

Pecultanti/ of the ported circulation. This consists in the 
blood derived from the stomach and the intestinal canal, the 
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•pleen, pftncnu, utd gall bladder, iiwtMtd of pM ri ng into the 
vena earn directij', firat tnTernng tlie liver, and retuniiiig td 
the oeotnd cinmlation by meatia of the hepatic veina. Accord' 
ing to Bernard, however, there esiala five large brsnchea, io^ 
borae, bj ineana of which a direct commanication takes plan 
between the vena porUe and vena cava within the liver. The 
veiia cava, alao, he saya, ia moacnlar, with etriated faai^ 
behind the Spigelian lobe, where theee commimicattoiis arc u 
be found, and poaaeae two large valvee, ao arranged aa to rap- 
port the column of blood above them. A rimilar arrangemeDi, 
be aajB, occurs in man and in other nnimalft Xf , therei<^ 
during abeorptlon, the large quantity of alimentary niatten 
from the intestine ia not able to empty itaelf with sufficient 
rapidity through its ramifications in the liver, it pases throogb 
the branches described into the vena cava. They are prevaited, 
however, from passing into the iliac veins owing to the valves 
of the cava, but readily find their way into the renal Teins by * 
retrograde action. Hence why the products of digestion in»« 
often be detected in the urine before they appear in the blood 
of tbe renal artery or in that of the heart. 

Ptcvliaritjf of the pulmonary dretUation. This conBists in 
vetunu blood being esnt to the lungs throng a tube called 
the pidmonary arttry, and in arterial blood heing returned to 
the heart through four vein», termed the pulmonary veins. (Sm 
BespiratioQ.) 

PecvUarity of tht eireaialion in ereetUt tittwi. The erectile 
tissue appears essentially to consist of a plexus of veins with 
varicose enlargement* enclosed inafihro-muBcolarenvelope with 
trabecular partitions, the contraction of which prodnces the 
result. Muller described in the penis an arrangement of veeael) 
laming off from the arteries which he called arteria hdiciiKi, 
V. ith dilated extremities, which, during erection, became turgv^- 
'Ihe correctness of this description baa been much disputed. It 
i.i most probable that the phentnnenoa is owing to venoos con- 
g'Stion, influenced through the vaiio-mator system of nerves, 
:i->Biated in the case of the penis by compression of their larger 
ti links by the iachio-cavemoai and bulbo-cavemosi muscles. 

Peculiarity of the fatal circvUuum. — In the mature fwtus, 
tiie fluid brought from the placenta by the umbilical vein 
(I'late IX fig. 16, 3), is partly conveyed at oow to the vena 

■•\ ascendens, by means of the ductus venosns (6), and partt; 



CIRCULATION OF THE BLOOD. 225 

flows through two trunks (4, 4) that unite with the portal vein 
(7), returning the blood from the intestines, into the substance 
of the liver, thence to be returned to the vena cava by the 
hepatic vein. Having thus been transmitted through the two 
great depurating organs, the placenta and the liver, the blood 
that enters the vena cava is purely arterial in its character ; but, 
being mixed in the vessels with the venous blood that is re- 
turned from the trunk and lower extremities, it loses this char- 
acter in some degree by the time that it reaches the heart. In 
the right auricle, which it then enters, it would also be mixed 
with the venous blood which is brought down from the head 
and upper extremities by the descending cava, were it not that 
a provision exists to impede (if it does not entirely prevent) any 
further admixture. This consists in the arrangement of the 
Eustachian valve, which directs the arterial current (that flows 
upwards through the ascending cava) into the left side of the 
heart, through the foramen ovale, whilst it directs the venous 
current (that is being returned by the descending cava) into 
the right ventricle. When the ventricles contract, the arterial 
blood contained in the left is propelled into the ascending 
aorta, and supplies the branches that proceed to the head and 
upper extremities before it undergoes any further admixture ; 
whilst the venous blood contained in the right ventricle is 
forced into the pulmonary artery, and thence through the 
ductus arteriosus (17), which is like a continuation of its trunk, 
into the descending aorta, mingling with the arterial currents 
which that vessel previously conveyed, and thus supplying the 
trunk and lower extremities with a mixed fluid. A portion of 
this is conveyed, by the umbilical arteries, to the placenta, in 
which it undergoes the renovating influence of the maternal 
blood, and from which it is returned in a state of purity. 

In consequence of this arrangement, the head and superior ex- 
tremities are supplied with pure blood retumingfrom the placenta, 
whilst the rest of the body receives blood which is partly venous. 
This is probably the explanation of the fact, that the head and 
uppe^r extremities are most developed, and from their weight 
occupy the inferior position in the uterus. At birth the course 
of the circulation undergoes changes. As soon as the lungs are 
distended by the first inspiration, a portion of the blood of the 
pulmonary artery is diverted into them, and there undergoes 
aeration ; and as this portion increases with the full activity 
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of the luDgs, the ductus arterioflus graduallj shrinks, and its 
cavity finally becomes obliterated. At the same time, the fora- 
men ovale is closed by a valvular fold, and thus the direct com- 
munication between the two auricles is cut off. When these 
changes have been accomplished, the circulation, which was 
before carried on upon the plan of that of the higher reptiles, 
becomes that of the complete warm-blooded animal; all the 
blood which has been returned in a venous state to the right 
side of the heart being transmitted through the lungs before it 
can reach the left side, or be propelled from its arterial trunks. 

BSSPIRATION. 

The great object of this function is to admit into the 83rstem 
oxygen derived from the atmospheric air, and to excrete car- 
bonic add gas and watery vapour. It is carried on by means 
of lungs, the structure of which organs is so arranged as to 
expose a large surface, covered with capillary blood-vessels, to 
the action of the atmosphere. 

Strtictwre of the lungs,— Thid spongy texture of the lung is 
formed by the sudden expansion of the terminal bronchial tubes 
into air vesicles, which, according to Kolliker, takes place in man 
as represented Plate XII. fig. 5 ; but which, according to Dr 
Waters of Liverpool, gives rise to from two to seven or eight 
elongated air vesicles (Fig. 6). These consist of delicate mem- 
branous walls, lined internally by pavement epithelium (Fig. 4, c), 
which readily allow gases to pass through them. Viewed ex- 
ternally under a low power, these compressed air vesicles 
present the ajq)earance represented Plate XII. fig. 1 ; but on 
section, look like fig. 2. A thin slice, magnified 200 diam. 
linear, shews the air vesicles cut across. Fig. 4, 6, 6, h; the 
fibrous stroma between them, a ; and the rich plexus of blood- 
vessels, ramifying outside and around them, d, d. The extreme 
vascularity of the organ may also be judged of by examining 
a well injected preparation of pulmonary tissue under a low 
power, as in Plate XL fig. 13. In the bird, as was shewn by 
Mr Bainey, this vascular plexus forms a dense thick layer of 
minute capillaries surrounding the air vesicles, as shewn Plate 
XII. fig. 3. In frogs and ophidian reptiles, the lungs consist of 
two bags or bladders having depressions and elevations on their 
intemsd surface, — ^an arrangement which in them and the higher 
animals permits of an extended surface, through which gases 
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readily pass into the dense plexus of vessels surrounding them, 
and mingle with the blood. 

Mechanism of respiration, — ^This consists of two acts — dila- 
tation and contraction of the chest, or inspiration and expiration. 
The dilatation of the chest daring ordinary respiration is princi- 
pally owing to the contraction and descent of the diaphragm 
muscle. But when a deep breath is taken, the cavity of the 
chest is still further dilated by the intercostales, scalem, serrati, 
and other muscles. Expiration ordinarily is owing to the elas- 
ticity of the lungs and walls of the chest, aided by the contrac- 
tions of the abdominal musdes. During forced expiration, the 
lo^igissvnms dorsi, sacro-lwrnhales, and other muscles, co-operate. 

The manner in which oxygen is absorbed, and carbonic 
acid given off, is the result of physical laws. The air intro- 
duced by atmospheric pressure, brought into play by the 
action by the diaphragm and other respiratory muscles, fills 
the nasal passages, the trachea, and larger ramifications of the 
bronchi. This, however, would not penetrate to the minute 
tubes and air vesicles of birds and mammals, though it would 
operate perfectly in the saccular lungs of reptiles. The lower 
or residual portion of air, therefore, would never be removed, 
were it not for the readiness with which gases mingle together. 
Oxygen also, being lighter than carbonic acid gas, would not 
descend to the lower parts of the lung, if the physical law of 
diffusion established by Grraham did not come into operation-— 
viz., that gases are diffused inversely in proportion to the square 
roots of their densities. Consequently the descending amount of 
oxygen will exceed that of carbonic acid gas in the proportion 
of 4- square root of 16- the density of oxygen, to 4*69- the square 
root of 22- the density of carbonic acid. Hence is explained 
how, notwithstanding the small quantity of fresh air received 
into the lungs at each inspiration, that quantity is diffused 
rapidly throughout the whole texture. 

Auscultation, — If a stethoscope be placed over the larynx and 
trachea of a healthy man, two noises will be heard — one accom- 
panying the act of inspiration, and the other that of expiration. 
These are called the laryngeal and tracheal sovmds or mwrmv/rs. 
If it be placed a little to the right or to the left of the manu- 
brium of the sternum, there will be heard the same sounds 
diminished in intensity. These are the bronchial sounds or 
murmurs. If now we listen under and outside the nipple on 
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the right side, or posteriorly over the inferior lobe of either 
lung, there will be heard two very fine murmurs. That accom- 
panying the inspiration is much more distinct than that accom- 
panying the expiration, which has been attributed by Dr Salter 
to the current of air striking against the angles of divisions of 
the bronchi, and by Dr Waters to the slight constriction that 
exists at the mouth of each air sac. By some, on account of its 
excessive fineness, it is stated that there is no expiratory mur- 
mur in health ; but this is incorrect. These sounds, then, are 
the vesicular respiratory murmurs. All these sounds become 
exaggerated during forced respiration, but in a state of health 
they never lose their soft character. Again, if we listen in the 
same places whilst the individual speaks, there will be heard a 
peculiar resonance of the voice, which has been called, in the 
first situation, pectoriloquy; in the second, bronchophony; while 
in the third it is scarcely audible. A knowledge of these cir- 
cumstances, and a capability of appreciating these sounds, are 
necessary preliminary steps to the right comprehension and de- 
tection of the murmurs which may be heard during disease. 
These respiratory murmurs are occasioned by the vibration of 
the tubes through which the air rushes, according to well 
known acoustic principles. Hence they are loudest in the 
trachea, finer in the large bronchi, and finest in their ultimate 
ramificationa The vocal resonance, on the other hand, origi- 
nates in the larynx ; and diminishes or increases — Ist, Accord- 
ing to the distance of any point from the source of the sound ; 
and, 2d, According to the power which the textures have in 
propagating it. The changes produced in these murmurs by 
disease belong to the study of Clinical Medicine. 'i^ 

Number and extent of respirations, — ^The number of respira- 
tions which occur in the minute during health are from fourteen 
to eighteen ; but in disease they have been known to be so low 
as seven, and so high as a hundred. The amount of air inspired 
also varies ; in Health ranging from 20 to 25 cubic inches (Coat- 
hupe). A man's average breathing capacity is best tested by 
a forcible expiration, which yields, according to Hutchinson, 
225 cubic inches, as measured by the spirometer, and exercises 
a pressure equal to a ^ lb. upon each square inch of suiface, or 
150 lbs. for the male, and 123^ lbs. for the female. 

The ordinary amoimt of air taken in is called by Mr Hutch- 

* See the Author's ainical Medicine, 5th edition, p. 67. 
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inson breathing or tidal air, from 20 to 25 cubic inches. The 
extra amount which may be inspired forcibly he calls com- 
piemental air, about 100 cubic inches more. What remains 
after an ordinary inspiration he calls reserve air, about 100 
cubic inches ; but as it is impossible by the greatest efforts 
entirely to fiee the lung of air altogether, he denominates that 
portion which no power can expel residual air, also about 100 
cubic inches. The total amount of air then in the chest, after 
the deepest possible inspiration, amounts to about 325 cubic 
inches. With the spirometer he measured the alterations which 
take place in the average breathing capacity according to the 
weight and age of the individual, and estimated the force em- 
ployed by the muscles of inspiration, which, in a man capable 
of breathing 200 cubic feet of air, he fixed at 301 lbs. 

Marey and others have invented instruments by which the 
movements of respiration and the quantity of air can be regis- 
tered. That constructed by MM. Bergeor and Kastus is figured 
Plate XXI. fig. 22. (See Practical Physiology.) 

Effect of respiration on the atmospheric air. The great change 
which the atmospheric air undergoes in going into and coming 
out of the lungs, is the removal of a portion of the oxygen, and 
the substitution of a quantity of carbonic acid gas. For a long 
time it was supposed that the loss of the one was exactly equal 
to the production of the other, but it is now known that the 
volume of oxygen which is absorbed is far greater than that of 
the carbonic acid given off ; and hence we must conclude that 
the former gas serves not only for the oxidation of carbon, but 
also of hydrogen in the animal organism. If the air be already 
charged in some degree with carbonic acid gas, the quantity 
exhaled is much less, a circumstance which strongly points out 
the necessity of ventilation. It is not sufficient for health that a 
room should contain the quantity of air requisite for the respira- 
tion of its inhabitants during a given time, since long before its 
exhaustion it will contain a quantity of carbonic acid sufficient 
to interfere with the necessary excretion from the blood. Hence 
the headache and other symptoms often experienced in breath- 
ing confined air. The manner in which oxygen is difiiised 
through the air vesicles, and carbonic acid given off from them^ 
seems owing to the physical law described by Professor Graham 
with respect to diffusion of gases ; and the quantity of the 
former which enters will be much greater than that of the 
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latter, which passes out in the proportion of 1174 to 1000 The 
one-sixth of oxygen which thus enter the body, and is not con- 
verted into carbonic acid, is suj^sed to combine with hydrogen, 
famished by the food and by the disintegration of the tissaes, to 
produce water. Part of the water so formed is again exhaled in 
the form of vapour from the lungs. Another part of the oxygen 
is used in oxidising the sulphur and phosphorus taken in with 
the food, and excreted chiefly in the condition of sulphuric and 
phosphoric acids. The absolute quantity of solid carbon given 
off by the lungs is about 160 grains per hour, or 8 oz. troy in 
the twenty-four hours. This varies, however, according to 
various circumstances, especially exercise and food. During 
hard labour 12 ounces, and during the repose of sleep only 4 
ounces, may be excreted. 

The most important experiments in recent times as to the 
excretion of carbonic acid by the lungs, have been made by Dr 
E. Smith of London.'^ In determining the influence of food, he 
made numerous careful experiments ; and of the many conclu- 
sions he anived at on this subject, the following may be quoted: 
1. That the influence of food is evident soon after its introduc- 
tion into the system, and attains its maximum within about 
two hours. 2. Puie starch and fat do not increase the quantity 
of carbonic acid evolved, but on the contrary, the latter some- 
what lessens it. 3. The cereals, however, which contain, 
besides starch, albuminous products, gluten and sugar, increase 
the excretion of carbonic acid to the extent of two grains per 
minute. 4. Milk, sugar, tea, and coffee do the same. 5. Alcohol, 
rum, and malt liquors increase it to the extent of one grain per 
minute ; but brandy and gin, especially the latter, lessen it 
6. Foods may be classified into non-excitants and excitants as 
regards the excretion of carbonic acid gas. The non-excitarUs 
are, starch, fat, some alcohols, and coffee berries. The excitants 
are, sugar, milk, cereals, potatoes, gluten, gelatin, fibrin, 
albumin, tea, coffee, cocoa, chicory, alcohol, rum, and some 
wines. 

These results are remarkable as distinguishing starch and fat 
as non-excitors of increased carbonic acid in expiration, thus 
confirming what I have long maintained on histological grounds 
— viz., that fats and oils serve largely to build up the tissues, 
and are not, as Liebig endeavoured to shew, merely respira- 

* Trans, of Royal Society, London, 1859. 



F ESP IRA TION, 23 1 

tory food. They are larther remarkable in shewing that 
alcohol and rum increase, while brandy and gin diminish, the 
carbonic acid — effects, which, if correct, are wholly inexplicable. 

In addition to the amount of exercise and the nature of food, 
the quantity of carbonic acid excreted by the lungs varies ac- 
cording, 1st, to agt — it is greater in adults than in childhood 
and advanced age ; 2d, to wx — it is greater in males than in 
females, and in the latter is increased by suppression of the 
menses and by pregnancy ; 3rd, to external temperature — it is 
greater in cold than in warm weather ; 4th, to season — it is 
great-er in spring than in autumn ; 5th, period of the day — it is 
less by night than by day ; 6th, development of the body — it is 
greater in robust than in feeble persons ; 7th, to sleep or watch- 
Mness^m sleep it is less than during the waking state ; and 
8th, according to diseased conditions which have not yet been 
very carefully determined. 

During respiration, an absorption and exhalation of the 
nitrogen of the atmosphere is constantly taking place, but the 
amount of the one balances that of the other. 

The skin, also, is continually giving off a small quantity of 
carbonic acid gas, the amoimt of which, however, has not been 
very accurately estimated. It is said to be from 1.30th to 1.60th 
of tiiat exhaled from the lungs (Scharling). According to Dr 
E. Smith, it amoimted in summer to 6 grains per hour, or about 
1 per cent, of the amount passing off by the lungs. 

The amoimt of watery vapour given off by the lungs is suffi- 
cient to saturate the expired air, or nearly so, and the quantity 
of water varies from 6 to 27 ounces daily, according to the 
nature of the diet, amount of exercise, temperature, humidity 
of the atmosphere, &c., &c. 

Effect of respiration on the Uood. — As regards the effects of 
respiration on the blood, the most striking is the change of 
colour of the claret-like venous into the bright scarlet of arte- 
rial blood. Venous blood out of the body, when exposed to the 
atmosphere, undergoes the same change. In the lung there are 
greater facilities for accomplishing this than on blood drawn 
from a vessel, on account of its minute division into small 
streams ; while the delicate membrane lining the air vesicles, 
from the rapidity with which gases are diffused through them, 
may be said to offer no obstruction whatever to this process. 
The oxygen which enters the lungs also colours the free nuclei 
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in mammals, and the cells in the other vertebrata which join the 
blood from the chyliferous system. The temperature of arterial 
blood is one or two degrees higher than venous blood (Davy). 
The specific gravity and number of corpuscles also are said to 
be somewhat greater, and it contains a larger amount of oxygen 
and less carbonic acid. Recent researches have shewn that the 
power of absorption of the blood for oxygen and carbonic acid 
gas is altogether peculiar, and follows laws of its own. Thus at 
32** F. it will absorb from 16-882 to 19*794 volumes of oxygen, 
whilst the same amount of water will only absorb 2*97 vols. (Sets- 
chenow).* At 48° F. it will absorb 178*3 vols, of carbonic acid, 
while the same nmount of water will absorb only 100 vols. 
(Meyer).t This must be dependent, more or less, on chemical 
affinity. Thus the oxygen is supposed to unite with the haemo- 
globin of the red corpuscles, and the carbonic acid with the 
carbonate and alkaline phosphate of soda dissolved in the liquor 
sanguinis. It is now determined that these gases may not 
only exist free in the blood, as shewn by Magnus, but also in 
combination. The proportion of the gases in human blood, 
according to Setschenow, is in 100 vols. : — 



Total quantity of gas in the blood 


48-20 


Total free gas 


45-88 


Oxygen .... 


16-41 


Free Carbonic Acid 


28-27 


Combined Carbonic Acid 


2-32 


Nitrogen .... 


1-20 



These proportions vary in different parts of the arterial and 
venous systems, according to periods of digestion, of exercise, 
and of other causes ; but further observations are required to 
determine the amount of difference. 

Numerous chemical theories have been advanced to explain 
the manner in which oxygen is removed from the inspired air, 
and a quantity of carbonic acid gas added to expired air. But 
whether the oxygen, after forming an acid, unites with the 
alkalies, — whether it attaches itself exclusively to the colouring 
matter of the corpuscle^ or to the fibrin, or unites with 



* BeitrSge zur Pneumatologie des Blutes. Zitaungsbericht d. k. Akad. d. 
Wiasens., xxxvi., 1S59, p. 293. 
t Zeitschrift f. Bat. Med. Bd. 8, p. 256. 
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pbosphoms and fatty matter, are points not jet finally deter- 
mined.* 

With regard to the respirability of various gases, pure carhonie 
acid gas cannot be inhaled on account of its causing spasm of 
the glottis. Experiments on the inhalation of nitrogen have led 
to no results ; it seems to be inert so long as oxygen is not ex- 
cluded. Excess of hydrogen in the atmosphere may be breathed 
for a length of time, provided oxygen be present. Nitrous 
oxide gas, or an excess of oxygen, as is well known, acts as a 
poweiful stimulant. A small portion of carbonic oxide gas with 
air causes a sensation of tightness, suffocation, insensibility, and 
death. Sulphuretted hydrogen, sdenuretted hydrogen, phosphur- 
etted hydrogen, and arsenuretted hydrogen, ammoniacal gas, sul- 
phurous acid, and chlorine produce similar effects. 

Asphyxia. — If respiration be embarrassed or difficult, it con- 
stitutes dyspnoea ; if arrested, from exclusion of atmospheric air, 
asphyxia is produced. As a general rule, if the air be cut off 
from the lungs of a warm-blooded animal by strangulation or 
immersion in water, all external muscular movements will 
cease in a period varying from three to five minutes, and the 
circulation comes to a stop in ten minute& In experiments 
performed by a Committee of the Medico-Chirurgical Society 
of London, it was ascertained that when death by drowning 
took place very rapidly, it was in consequence of water entering 
the lungs. But if a cork was inserted firmly into a tube pre- 
viously tied into the trachea to prevent this, efforts to breathe 
continued for 4 min. 5 sec in dogs, and 3 min. 25 sec. in rab- 
bits. Some individuals, by force of habit, seem to have acquired 
the power of retaining their consciousness for a considerable 
time under water, as in the divers of Ceylon, some of whom 
have been known to remain immersed, and actively picking up 
oysters, three or four minutes. This period, under ordinaiy 
circumstances, is sufficient to induce death ; for few persons 
recover who have been under water four minutes. Exceptional 
instances, indeed, are on record where persons have revived 
after a submersion of half-an-hour. It is supposed, however, 
that in these a state of syncope was occasioned at the moment 
of immersion, from fear, mental emotion, or concussion of the . 

* See Article Respiration, by Reid, for various theories of this process. Cyclop. { 

of Anatomy and Physiology. Also Article^ Respiration, by Dr Michael Foster, in 
" Watt's Dictionary of Chemistry." 

d 
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brain, so that in them respiration did not exist in its fall acti- 
vity. Newly-born animals can survive immersion in water 
much longer than adults ; and the lower the temperature, the 
less rapid is asphyxia. 

The order in which the vital functions are arrested from 
asphyxia, according to J. Beid, are as follows : ^ Dark blood is 
at first transmitted freely through the lungs, and reaches the 
left side of the heart, by which it is driven through ail the tex- 
tures of the body. As the blood becomes more venous, its cir- 
culation through the vessels of the brain deranges the sensorial 
function, and rapidly suspends them, so that the individual be- 
comes unconscious of all external impressions. The functions 
of the medulla oblongata are enfeebled about the same period 
that the sensorial functions are arrested, but are not fairly sus- 
pended for some time longer. Immediately after the sensorial 
functions are suspended, and the blood has become still more 
venous, it is transmitted with difficulty through the capillaries 
of the lungs, and consequently begins to collect in the right side 
of the heart. A similar quantity of blood must now necessarily 
leave the left side of the heart, and this diminution of the quan- 
tity of blood sent along the arteries, conjointly with its venous 
character and the ultimate arrestment of the circulation, being 
circumstances incompatible with the manifestation of vitality 
in the other textures of the body, general death is sooner or 
later induced." 

To restore asphyxiated persons, no time should be lost. The 
individual should be immediately placed on the abdomen, to 
allow of the tongue falling forwards, and any fluid in the mouth 
to escape. One of the arms should be put below the forehead, 
to prevent the possibility of the nose and mouth being com- 
pressed by the ground. The body should then be alternately 
rolled on the side, and again placed on the abdomen, so as to 
imitate the compression and expansion of the chest in respira- 
tion. The extremities should. be assiduously rubbed, especially 
pressing upwards, and warmth applied. This is the method 
recommended by Dr Marshall Hall. According to Dr Silvester, 
however, artificial respiration is best carried on by placing the 
body on the back, and alternately laising ahd depressing 
both arms. To renew the heart's actions, Dr J. Eeid recom- 
mended bleeding from the jugular vein, and encouraging the 
flow of blood from the lower orifice alone, taking care, of 
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course, to prevent the entrance of air. In this way only can 
the right cavities of the organs be relieved of the mass of 
blood which mechanically distends them and prevents their 
contraction. 

VentUoiMon. — From an account of the respiratory process now 
given, it will be seen that a very small amount of poisonous 
material in the atmosphere produces a powerful influence on 
the blood, and therefore on the health of an individual. 10,000 
volumes of pure air contain only from 2 to 5 of carbonic acid ; 
but in rooms more or less crowded the air has been ascertained 
to contain from 1 to 7 in 1000 volumes. Should there be only 
from 1^ to 3 volumes in that quantity, headache and vertigo 
are generally experienced ; and if it increase to 20 volumes in 
1000, it causes coma and asphyxia. An adult man inspires and 
expires during tranquil respiration 30 cubic inches of air every 
respiration ; and if he breathes 1 6 times per minute, he requires 
480 cubic inches per minute, or 28,800 cubic inches per hour. 
If pure air inspired contain 4 volumes of carbonic acid in 
10,000, while expired air contain 40 volumes in 1000, in addi- 
tion to organic matter and watery vapour, 12 to 19 cubic feet 
of carbonic acid are expired in 24 hours. To dilute, therefore, 
the expired air, so that the carbonic acid shall be reduced to its 
normal standard — that is, 4 in 10,000 — there will be required 
1666 cubic feet of pure air per hour. But as the air added,- 
itself contains some carbonic acid, and as the exhalation from 
the skin also requires dilution, it may be said that 2082 cubic 
feet of fresh air are required every hour. 

In certain diseases, more especially typhous fever, scarlatina, 
measles, &c., a subtile organic matter is evolved from the body 
which taints the atmosphere, whereby they are propagated. 
The amount of pure air required to neutralise such noxious 
emanations has been variously estimated. Some imagine that 
a perceptible smell gives indication of such noxious matters, 
and Grassi mentions that in the Neckar Hospital 3500 cubic 
feet of pure air per head did not remove such smell. This doc- 
trine, however, is very dangerous, as many noxious gases have 
no smell, while many putrid and oflfensive odours to the nostrils 
have been proved to be quite innocent. Dr Sutherland believes 
that 4500 cubic feet per head are necessary for surgical wards, 
and that this should be increased to 6000 feet per head in time 
of epidemics. Great uncertainty exists on this point, the whole 
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subject of ventilation having been greatly neglected. It is 
only now commencing to form one of the recognised important 
problems that demand attention among the sanatory questions 
of the day. 

Growth and Secretion. 

"We have previously shewn that the tissues have a vital pro- 
perty of attraction and selection — by some termed elective affi- 
nity — ^whereby the necessary materials are drawn through the 
delicate membranous walls of the capillaries, and transformed 
chemically and structurally into the textures. Thus every 
atom of the living body has been consolidated out of materials 
derived from the liquor sanguinis. "We are forced to adopt this 
theory, for it can easily be shewn that all the tissues depend on 
one fluid — the blood — for their nourishment ; whilst it is also 
clear that this same fluid, in different tissues and organs, gives 
rise to different chemical and structural results. In this man- 
ner, an animal is maintained for a series of years with the same 
physical characters, the different proportions between the supply 
and loss causing the rapid growth of the young, the stationary 
period of adult life, and the decline of age. Of the ultimate 
causes of the different variations in growth we know nothing 
further than they must depend upon powers inherent in the 
ultimate molecules of the tissues. All that science can accom- 
plish is to obtain a knowledge of the conditions on which it 
depends. Of some of these we have spoken when describing 
the cell theory (see p. 58), but there are four others to which 
we shall allude in this place. 

1. A healthy qvxility of the blood is necessary for a healthy 
formation of texture ; and this implies that all the processes of 
nutrition should be properly performed, including digestion, 
assimilation, respiration, secretion, excretion, and so on. Any 
one of these being disturbed, growth of the body, in whole or 
in part, may be faulty from want of appropriate material. The 
blood, however, enjoys to a certain extent the power of spon- 
taneously correcting its own deteriorations ; and if these be not 
excessive or too long continued, it rapidly separates or gets rid 
of them by means of some apparatus, and its normal characters 
are restored. "We are continually meeting with these occur- 
rences during our observation of disease ; and in this way we 
account for and see the use of occasional diaphoresis, diarrhoea 
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eplstaxis, loaded urine, and so on. It ia also posssible that the 
excretion of one substance is more or less connected with the 
formation of another, as in the instances of what Mr Paget calls 
complementaZ nutrition, of which the growth of the beard in 
man and of the mammse in females at the period of puberty are 
illustrations. That the quality of the blood is of the utmost 
importance in nutrition, is further shewn by the occurrence of 
those diseases which unquestionably originate in that fluid, as 
in the inoculation of small-pox, the exanthemata, &c. These, 
in their turn, appear to pass out of the system by the formation 
of new growths, such as the pus cells in the pustules of small- 
pox, the new epidermis, in scarlatina, &c.,— 7a process named by 
Dr W. Addison cell therapeutics, 

2. A proper quantity/ of blood in a part is also essential for 
growth, as is proved by the effects of those occurrences which, 
by destroying or injuring the principal vessel leading to it, 
causes its wasting or death. It is also observable, that when- 
ever parts are actively growing, they attract more blood to 
them than usual, shewing that there is an intimate relation 
between activity of formation and the quantity of blood in the 
textures. 

3. A certain mjltience of the nervous system is so blended and 
mingled with nutrition of parts in the higher animals, that the 
impairment of the one materially interferes with the advance- 
ment of the other. Thus there is scarcely an organ in the body 
the functions of which may not be more or less deranged by 
various conditions of the mind. Hope and confidence are 
highly favoiu-able to the resolution of numerous diseases ; while 
fear and a foreboding of evil seldom fail to aggravate the most 
simple maladies, and in dangerous ones often render them fatal. 
Destruction of a nerve leading to a part not only may cause 
wasting of the tissue, but often ulceration and destruction of it. 
The same occurs when disease attacks the spinal cord, or one of 
the great ganglia of the sympathetic system. 

4. A healthy state of the part to he nourished is as necessary 
for growth as the other conditions mentioned. If the property 
of attracting and selecting materials from the blood be inherent 
in the textures themselves, as we have seen is probable, it fol- 
lows that, if these textures be seriously altered or destroyed, 
the property will also be altered or destroyed. Now, this is 
what really takes place ; and hence why so many diseases of 
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texture, once oocasioned, are kept up in spite of all the inter- 
ference of art. Such is the reason, also, that blows and other 
injuries, by exciting or diminishing the vital properties of the 
textures, give rise to what are called inflammations, tumours, 
and other forms of so-called morbid growths. 

Such are the conditions which serve to regulate growth in 
the animal economy. The process may be in excess or diminu- 
tion, constituting what is called hypertrophy and atrophy. There 
is one modification of growth, however, which we must refer 
to especially, and which has long been known under the name 
of secretion. 

Secretion. — This process was for a long time considered as one 
opposed to growth ; that is, as a function having for its object 
to separate matters from, while growth was directed to storing 
up or adding them to, the organism. "We now know that secre- 
tion is simply a form of growth, and is carried on under the 
influence of the same laws which regulate the development, 
maturation, and decline of nucleated cells in general, and of the 
conditions just referred to in particular. Under the head of 
" Cell Tissues " we have alluded to the peculiar properties of 
secreting cells. They are generally formed on one side of a 
basement membrane, while on the other side blood-vessels are 
distributed, from which their contents are derived. The varia- 
tions in glands simply result from the convolutions and greater 
or less complexity of these universal gland elements (Plate XII. 
figs. 7 to 11). No relation apparently exists between the struc- 
ture of the glandular apparatus, or the nerves supplying it, and 
the secretion it pours forth. Thus the pancreas, the lachrymal 
and mapamary glands, are very much alike in their histological 
elements, although the pancreatic and lachrymal fluids and milk 
are widely different. This fact is sufficient to convince us that 
a property of a peculiar kind, essentially vital, must reside in 
the cells themselves, which occasions these results. This pro- 
perty is influenced by the same causes which govern cell growth 
generally (p. 58) ; more especially, however, by (1) an increased 
or diminished flow of blood in the gland, (2) a greater or less 
amount in the blood of the particular matter to be secreted or 
separated, and (3) the influence of the nervous system. (See 
Excito-secretory Function of the Ganglionic System of Nerves.) 
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Absorption and the Secondary Digestion. 

WMle, on the one hand, matters are always passing from the 
blood to build up the tissues, on the other, matters are con- 
tinually passing into the blood from those tissues which have 
fulfilled their appointed functions. The new material takes 
exactly the place and form of the old ; so that the general con- 
figuration of the body is preserved, while continually and im- 
perceptibly undergoing a change. Although in adult animals 
we cannot see the tissues forming, in the embryo we can, and 
are consequently enabled to infer the steps of the process. But 
we cannot see the healthy tissues disintegrating and absorbing, 
even in the embryo ; and this source of information is therefore 
cut off from us. Almost all that we know of this process, 
from actual observation, is derived from the study of morbid 
anatomy. From this we learn that new formations such as 
pus and cancer cells, break down and are reduced to a fluid 
state in the inverse order to that in which they were developed. 
Thus a fluid exudation is poured out from the vessels. It 
coagulates in the form of molecules and granules. These unite 
to form nuclei, around which cell-walls are produced. If this 
be their ultimate point of development, they are again reduced 
to the fluid state, first by the solution of the cell-wall, and sub- 
sequently by that of the nucleus. The whole now again presents 
a molecular and granular aspect, whilst the fluid portions pass 
through the walls of the blood-vessels from without inwards, 
and so enter the circulation. Thus, all that has become solid is 
again reduced to a liquid or gaseous form, to pass into the blood. 
This is aibsorption. We do not see this process in health, but 
doubtless particle after particle of solid matter is reduced to 
fluid, and disappears, in order to give place to new particles, 
which for a time become solid, assume form, fulfil their fuiic- 
tion and allotted period of life, and then dissolve, are absorbed 
and excreted as their predecessors were before them. 

This is the secondary digestion. Thus the blood receives 
matter from two sources — the primary and secondary digestions ; 
and is continually giving off matter in two directions — one to 
build up the tissues and form the secretions, the other to pro- 
duce the excretions. 

Chemical constiitUion of the blood, — Numerous analyses have 
been made of this fluid by the most distinguished chemists, and 
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yet no two of them have been alike. This is explained by the 
fact that the chemical constitution of blood mnat constantly be 
undergoing changes, not only in various individuals, but in the 
some individual, from differences in diet, assimilation, respira- 
tion, excretion, exercise, and the numerous circumstances which 
influence the animal economy. It also varies in the two sexes. 
We give the results arrived at, from a large number of data, 
by Becquerel and Bodier : — 

Table, shewing the Maxima, Minima, and Average Numbers 
of the Different Constituents in 1000 parts of the Blood 
of Man : — 



Mean. 
1060-2 
1028-0 
779-0 
. 1411 
69-4 
2-2 



Maxima. 
1062-0 
1030-0 
800-0 
152-0 
730 
3-5 
8-0 
3-255 
•080 
1-000 
•175 
2^000 



Minima. 
1058-0 
1027-0 
760-0 
131-0 
620 
1-5 
5-0 
1-000 
impond. 
•270 
•030 
•700 



Density of defibrinated blood 
Density of serum 
Water .... 

Blood corpuscles . 
Albumin .... 
Fibrin .... 

Extractive matters and free salts 6^8 
Fatty matters . . . 1^600 

Serolin .... ^020 

Phosphorized fat . . ^488 

Cholesterin .... ^088 

Saponified f at . . . 1*004 

From 1000 parts of blood, after calcination, they obtained — 

Chloride of sodium . . 3*1 4*2 2*3 

Other soluble salts . . 2-5 3*2 2-0 
Phosphates . . . -334 '*J ^225 

Iron .... -565 •eSS •SOS 

We may say that the chemical composition of the blood in a 
general way is as follows : — 1st, The great bulk of the blood is 
made up of water, varying in a healthy state from 760 to 800 
parts in 1000 ; 2d, The fibrin is small in quantity, varying from 
^ to 3 parts ; 3d, The amount of albumen ranges between 60 
and 70 parts ; 4th, The blood corpuscles vary from 130 to 150 
parts ; 5th, The extractive matters and fat range from 1 to 4 
parts ; and 6th, The saline matters range from 5 to 10 parts. 
These are not the exact proportions, but approximative results 
derived from numerous analyses which are easily retained by 
the mind. 
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The mean amount of the blood in the human adult male is 
34^ lb., and in the female, 26 lb. (Valentin.) 

The liquor gangutnis and its coagulation, — The liquor san- 
guinis is a slightly viscous yellow fluid, in which the blood cor- 
puscles swim. In it the property of coagulation possessed by the 
blood resides, which is caused by the separation of the fibrin it 
held in solution. This may be seen under the microscope, in 
favourable cases, to be precipitated in the form of molecular fibres, 
which, entangling the corpuscles together in a mass, so form the 
dot of the blood. In normal blood the coloured corpuscles are 
equally diffused through the mass; but whenever coagulation is 
delayed they have more time to sink towards the bottom of the 
vessel, leaving a whitish layer above, which is the buffy coat. 
Dr Bichardson endeavoured to shew that coagulation depended 
on the escape of a small quantity of free ammonia which exists 
in blood. But numerous researches, especially those of Lister 
and Briicke, have proved this theory to be untenable. In 
1845, Dr Andrew Buchanan of Glasgow, discovered that various 
organic liquids that did not coagulate spontaneously, on the addi- 
tion of a piece of flesh, membrane, or fluid of the clot, and other 
substances, did so rapidly. Schmidt attempts to explain this by 
supposing that coagulation depends on two substances, which 
he denominates ^6n7io-^2(U^ic and fibrinogen. These may exist 
together, or may be separate in various liquid or substances, but 
it is their union under certain physical conditions which, accord- 
ing to him, forms fibrin and causes coagulation.*^ In addition to 
fibrin, the liquor sanguinis holds in solution albumin, fat, and 
salts, and all those substances which are necessary, directly or 
indii*ectly, for the formation of the tissues and secretions. It may 
be regarded as the most elaborated portion of the blood, inasmuch 
as the corpuscles are dissolved in it ; and, as previously stated, it 
receives the results both of the primary and secondary digestions. 
So prepared, it is the essential material or nourishing fluid, 
which, attracted through the capillaries by the tissues, is the 
foundation for all the formative processes of the economy. 

Function of the blood, — The blood circulating through the 
body may be regarded as a river flowing by numerous canals 
through a populous city, which not only supplies the wants of 
its inhabitants, but conveys from them all the impurities which 
through various channels find their way into its stream. The chief 

* Archiv. fOr Anat. u. Physiol. 1861, p. 646, and 1802, p. 428. 
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supplies enter the circulation, as we have previously seen, in the 
form of water, albumin, and of blood corpuscles from the primary 
digestion. These receive oxygen in the lungs, where they be- . 
come coloured, are sent all over the body, and in the ultimate 
capillaries yield up their oxygen, which combines with carbon 
and other chemical constituents of the tissues to form numerous 
combinations. After a time, they are dissolved in the liquor 
sanguinis, which fluid they serve to elaborate. The blood also 
receives and holds in solution the products of the secondaiy 
digestion, so that it is a highly elaborated, viscous, and complex 
organic liquid. It is the blastema from which the living mole- 
cules, nuclei, cells, and other elements of the tissues are con- 
tinually attracting, on the one hand, new matter to supply the 
place of what is lost; while, on the other, it is constantly absorb- 
ing old matter which haa sufficiently served the purposes of the 
frame. In what manner this important fluid utilises the various 
products it receives from both sources is as yet unknown. All 
that we can determine is, that the whole is in incessant motion, 
rushing rapidly out from the heart through the arteries, divided 
into minute streams by capillaries in the tissues, returning more 
slowly by the veins — a circuit through the frame completed in 
half-a-minute — subjected to the constant collision of about two 
billions of semi-solid corpuscles, incessantly undergoing chemi- 
cal alterations when exposed to the peculiar action of eveiy 
organ in the body ; and while imparting one or more of its con- 
stituent principles in this or that tissue as it passes through it, 
at the same time absorbing those which have been worn out in 
the service of the economy. Blood, therefore, is the mixture of 
the histogenetic and histolytic processes of the body. It is in 
the circulation they mingle together, and it is there consequently 
we must look for an explanation of numerous morbid conditions 
which derangements in so nicely-balanced an organic fluid may 
be expected to produce. 

Morbid conditions of the blood, — I need not dwell upon the 
vast importance which from the earliest times has been attached 
to alterations in the blood as a cause of disease. The red, 
white, yellow, and black bloods of Hippocrates — the acid and 
alkaline blood of Van Helmont — the error loci among the blood 
corpuscles of Boerhaave — ^and the sthenic and asthenic states of 
the constitution contended for by Brown and Broussais — have 
*ach in turn regulated the medical practice of civilised nations. 
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In recent times, most laborious efforts have been made by 
means of chemical researches and of the microscope to investi- 
gate the exact condition of the blood in disease. 

Chemical alterations of thjt blood in disease. — The most ela- 
borate investigations into this subject have been made by the 
French chemists and pathologists, more especially by Andral 
and Gavarret, in 1840, and by Becquerel and Kodier, in 1844, 
whose researches have for the most part been confirmed by 
subsequent investigators. The results which the latter chemists 
arrived at are as follows : — 1st. Venesection greatly diminishes 
the number of the blood corpuscles, increases the amount of 
water, slightly diminishes the albumin, but in no way affects 
the fibrin, extractive matters, or salts. 2d. That plethora is 
a simple increase of all the constituents of the blood. 3d. That 
anaemia is in truth a misnomer, but is used in the sense of a 
diminished number of the corpuscles, or spansemia. 4th. That 
inflammation increases the amount of the fibrin from 3 to 10 
in 1000 parts, doubles the quantity of cholesterin, and dimi- 
nishes the albumin. 5th. That the fibrin is diminished in fevers, 
exanthematous disorders, intoxication, starvation, and purpura 
heemorrhagica. 6th. When any secretion is checked, its essen- 
tial principles accumulate in the blood. 7th. The albumin of 
the blood is diminished in Bright's disease, in cardiac dropsy, 
and in puerperal fever. 

These conclusions, founded on a large number of data, are 
most important, and, as we shall subsequently see, while op- 
posed to former views of medical practice, especially in acut^ 
inflammatory diseases, completely harmonise with the results of 
modem experience. 

Structural alterations of the blood in disease. — These for the 
most part have been previously described when speaking of the 
blood corpuscles (p. 63), and of Leucocythsemia (p. 208). 

Softening and breaking up of Mood coagula.— Aaother im- 
portant discovery which greatly advanced our knowledge of 
the pathology of the blood was made by Mr Gulliver, who 
demonstrated that fluids exactly resembling pus to the naked 
eye were the result of mechanical softening of the clot, and 
that this could be determined by the microscope. As the 
result of numerous experiments and observations, he stated, 
in 1839,* — "1st. That coagulated fibrin when removed from 
* See Med.-Chir. Trans, for that year, vol. xxii. p. 136. 
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the body and eubjected to a blood heat, commences to soften 
in about forty hours, assuming the colour and consistency of 
pus, but easily distinguishable from it by microscopical and 
chemical examination. 2d. That the purulent-like fluid found 
in the fibrinous clots of the heart and arteries, and so frequently 
in the veins, is essentially distinct from pus, and analogous to, 
if not identical with, softened fibrin. 3d. That the softening of 
coagulated fibrin is an elementary pathological condition of 
frequent occurrence, distinct from suppuration, and constituting 
a considerable proportion of the cases generally denominated 
suppurative phlebitis.'' These remarks throw a flood of light 
upon numerous morbid conditions of the blood, separating them 
from inflammation, and accounting for obstruction in the blood 
vessels altogether independent of that pathological state. There 
especially resulted from them, in conjunction with the further 
original observations of Gulliver as to the fatty degeneration of 
blood vessels,* the now established fact of impaction of portions 
of the clot so broken up in distant vessels. That foreign solid 
bodies floating in the blood would obstruct the smaller vessels 
and occasion exudations was first shewn by the experiments of 
Magendie, Cruveilhier, Gaspard, and others, who injected starch, 
quicksilver, and various substances into the blood, with the 
effect of producing fatal inflammations. In like manner frag- 
ments of the blood clot, softened and broken up in the manner 
described by Gulliver, have been shewn, by Kirkes, Virchow, 
Tufnell, and others, to be carried by the circulation to the brain, 
lungs, or extremities, where they become impacted in smaller 
arteries, producing haemorrhage, inflammation, and diminished 
nutrition in distant organs. 

On all these topics it is to be observed that, whilst through- 
out Germany these facts have been widely published, under the 
new terms of Thrombosis and Embolismus, the name of Gulliver 
has never been mentioned. Well may that gentleman remark 
in his recent lectures on the blood, speaking of physiological 
science, " Certain it is that many branches of it — ^which have been 
well cultivated and wrought out in this country — ^are afterwards 
transferred to the continent, and published in books there, and 
then translated and brought back as novelties to us, in such 
simplicity — not to say duplicity — as to the real origin of the 

'^ See Med.-Chir. Trans, for 1843, vol. zxyi. p. 86. 
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iPacts, that they are actually paraded as part and parcel of 
foreign genius and discovery." 

General view of diseases of the blood, — To enter at length into 
all the diseases of the blood is here impossible. I shall there- 
fore content myself, in conclusion, with giving a list of the chief 
alterations to which it is subject in man : — 

1. Increase or diminution of the blood as a whole — Plethoraj 
spaTicern/icL, 

2. Increase or diminution of the coloured corpuscles — Poly- 
pyrenamiia (tv^vv, nucleus), digo pyrencemia, 

3. Increase of the colourless corpuscles — Leucocythoemia, 

4. Increase of the fatty molecules — Lipcemia, 

5. Increase of the fibrin — as in inflammations, 

6. Decrease of the fibrin — as in fevers, exanthematay purpura 
hoemorrkagicaf and scurvy, 

7. Increase of albumin — as in scrofula, cancer^ and morbid 
growths, 

8. Decrease of albumin — as in BrigMs disease, cardiac dropsy, 
and puerperal fever, 

9. Increase of uric acid — Urcemia^ as in advanced BrigMs 
disecLse, rheumatism, gout, and calculi composed of lithates, 

10. Increase or diminution of earthly salts — as in rachitis, 
malacosteon, calculi composed of phosphates, 

11. Increase of sugar — Olycohcemia, as in diabetes, calculi 
composed of oxalates, 

12. Increase of bile — Choloemia, as in jaundice, 

13. Poisons of various kinds — Toxihamiia, divided into : 

a. Animal poisons, such as from putrid pus or ichor- 

hcemia (commonly called pyhaemia) ; from syphilis, 
small pox, scarlatina, measles, erysipelas, glanders, 
plague, &c. ; from bites of venomous animals, &c. 

b. Vegetable poisons, such as from opium, belladonna, 

aco7itte, Calabar bean, strychiiia, &c., &c. 

c. Mineral poisons, as from carbonic acid gas, s\dphur 

vapour, mercurtj, arsenic, &c., &c. 

Animal Heat. 

Many of the processes we have described are accompanied by 
an exchange of chemical elements, which, in the act of forming 
new combinations, evolve heat. Thus the union of oxygen with 
the blood in the lungs, the formation of carbonic acid gas in the 
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capillaries, and the oxidation of hydrogen, sulphnr, and phos- 
phorus within the system, make up together the amount of 
animal heat found in the body. The average temperature, as 
estimated by placing a thermometer in those internal parts 
which are most easily accessible, is from 98® to 100° F. (36*6^ 
to 37.7° C). In children it is about 2° higher. In Febrile 
diseases it has been observed to rise to the height of lOS^'S 
F. (42-5° C.) in chUdren, and to 107" F. (41-6^ C.) in adults. 
In Asiatic cholera it may sink to 77° F. (25° C), or even 
lower, and the breath itself feels cool to the naked hand. The 
natural temperature of the body, though slightly affected by 
temperature, food, and exercise, is on the whole pretty station- 
ary ; a circumstance which for the most i>art is owing to the 
power of evaporation possessed by the skin. Hence the danger 
of suddenly checking perspiration, by exposing the surface to 
cold. The temperature of the various tribes of animals differs 
considerably, birds having a higher, and reptiles and fishes a 
much lower, temperature than mammals, according to the 
medium they live in. They cannot, however, endure severe 
changes in external heat and cold. Man alone, by his power 
over food and the supply of artificial clothing and exercise, is 
enabled to bear without injury extremes of atmospheric tem- 
perature that no other animal could endure. 

All young, as well as very aged animals, have less power of 
sustaining heat, and are more influenced by the surroimding 
temperature. It has also been observed that animals bom blind 
are more dependent on external temperature than those which 
can see at the moment of birth. This is dependent on the con- 
joint circumstances that the organs of the former are not so fuUy 
developed as those of the latter animals before birth, and that 
while the one cannot obtain food for itself, the other can do so. 

We have seen that more oxygen is taken in by the lungs than 
escapes from them in the form of carbonic acid gas. This 
excess, by uniting in the tissues with the carbon and hydrogen 
received into the system as food, produces heat ; and the carbon 
in its conversion into carbonic acid, and the hydrogen in its 
change into water, gives off exactly the same amount of heat as 
if these processes had been carried on out of the body. Hence 
the quantity of heat generated bears a direct relation to the 
activity of respiration and the supply of food. Thus the re- 
spiratory process is most active in birds, and they possess the 
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highest animal temperature ; and in reptiles, in whom respira- 
tion is slow, the heat evolved is much less. Even in man all 
the circumstances which induce rapid breathing, such as exer- 
cise, occasion increased heat. As regards the influence of food, 
we observe that in northern climes, where the oxygen in the 
air is more abundant, because the air is more condensed, the 
quantity of food taken is greater than among the inhabitants 
of tropical countries. The nature of the food, also, in the 
one, abounding in fatty and oily substances rich in carbon 
and hydrogen, is better adapted to combine rapidly with 
the excess of oxygen than the vegetable and starchy com- 
poimds used in others. The effects of alcohol, a highly car- 
bonaceous substance, in keeping up animal heat, is in Hke 
manner thus explained ; a substance which, rapidly enter- 
ing the blood, combines with the excess of oxygen, and thus 
supports the temperature of the body when exhaustion from 
want of food, or from exercise too long continued, has been 
occasioned. Starvation also, as shewn by Chossat, has a marked 
influence in diminishing the temperature. A starving man is 
soon frozen to death. Thus, in the words of Liebig, to whom 
we are indebted for establishing this chemical theory of animal 
heat, " The animal body acts as a furnace, which we supply 
with fuel. It signifies nothing what intermediate forms food 
may assume, or what changes it may undergo in the body ; the 
last change is uniformly the conversion of its carbon into car- 
bonic acid, and of its hydrogen into water ; the unassimilated 
nitrogen of the food, along with the unbumed or unoxidised 
carbon, is expelled in the urine or in the solid excrements. In 
order to keep up in the furnace a constant temperature, we 
must vary the supply of fuel according to the external tem- 
perature — that is, according to the supply of oxygen. Hence, 
in the am'ma.1 organism two processes of oxidation are going on 
— one in the lungs, the other in the capillaries. By means of 
the former, in spite of the degree of cooling, and of the in- 
creased evaporation which takes place there, the constant tem- 
perature of the lungs is kept up, while the heat of the rest of 
the body is supplied by the latter." 

It has been supposed that this chemical theory of animal heat 
requires modification, because — 1st. Helmholz has shewn that 
heat to the extent nearly of J° F. is generated in the muscle of 
a frog recently cut from the animal, and caused to contract. 2d, 
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Because Dr Bennet Dowler of New Orleans has shewn that, after 
death fi'om yellow fever, the temperature of the body often rises. 
In one case the highest temperature during life was 104° F. ; ten 
minutes after death it had risen to 109*^ in the axilla ; fifteen 
minutes afterwards it was 113^ in an incision in the thigh, and 
was 109® there in one hour and forty minutes. In three hours 
after the removal of all the viscera, a new incision in the thigh 
gave 110®. And 3d. Because the observations of M. Martens 
have shewn that of two birds, under similar conditions as 
regards the chemical conditions producing heat, such as ducks 
and geese, the ducks always possess the higher temperature. 
But, however difficult it may be to account for these facts, 
there can be little doubt that animal heat is produced by similar 
molecular changes in the animal body as those which occasion 
heat in general, and these unquestionably are attributable to 
chemical transformations. 

Excretion by various Organs. 

We have already seen that the textures of the body, while 
they are continually assimilating new particles of matter from 
the blood, are constantly giving up to that fluid the particles 
which have lived and are worn out. These in a fluid form, but 
more or less chemically changed, constitute the fibrin, and a 
portion of the fat, extractive matters, and salts which circulate 
in that fluid. They are the results of the disintegration of the 
tissues — that is, of the secondary digestion of organic matter 
which takes place in the body ; and being useless, are now 
separated from the economy in the following ways, as — 

1. Excretion from the lungs, 

A large amount of watery vapour and of carbonic acid are, 
as we have seen, continually passing oif from the lungs. The 
water thus exhaled daily, varies from 6 to 27 oz. ; and the car- 
bon, in the form of carbonic acid, separated in the same space 
of time varies from 4 to 12 oz. troy. In addition, then, to con- 
sidering the lungs as organs which supply oxygen to the blood, 
and as supporters of animal heat, they must be regarded as au 
apparatus of excretion, whereby oxygen, hydrogen, and carbon 
are continually separated from the body. Under the heads of 
" Eespiration " and of "Animal Heat" we have sufficiently 
dwelt on these points. 
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2. Excretion from the liver. 

Portal Uood. — ^Tbe blood which supplies the liver is, like 
that which goes to the longs, venons, and the portal vein which 
carries it there originates for the most part from the capillaries 
of the intestines (Plate IX. fig. 1, 12). Hence it differs from 
other blood in frequently containing principles derived from 
the primary digestion, more especially fat, dextrine, and sugar ; 
whilst it does not possess so much fibrin, a substance chiefly 
formed from the secondary digestion, so that its clot is deficient 
in firmness. The food, in traversing the alimentary canal, 
not only parts with substances which enter the systemic cir^ 
culation to form blood,' but also with portions of its material 
which enter the blood-'v^essels, and are at once directed through 
the portal vein to the liver, in order to form bile. We can 
easily understand, therefore, how rich eating and little exercise 
favour the production of those symptoms which are denomi- 
nated bilious. 

Structure of the liver. — ^When the blood arrives by the portal 
vein at the liver, it breaks up into a multitude of minute capil- 
laries, which, with a mass of secreting cells fiUing up the inter- 
spaces between them, are arranged in small masses or lobules. 
The external portion of these lobules contain the portal capil- 
laries coming from the interlobular veins, which, inosculating 
together, terminate in their centre in small vessels, the origins 
of the hepatic vein, which conveys the blood, after having thus 
traversed the liver, into the vena cava (Plate XIII. ^g. 1). 
The hepatic cells fill up the spaces or net work between the capil- 
laries, and these occur in groups, their walls compressed togetlier 
so as to give them a pentagonal shape (Plate XII. fig. 15). 
Great discussion has taken place as to the mode of their ar- 
rangement within the organ, and the manner in which the gall 
ducts originate. According to Kieman, they arise from the ex- 
ternal portion of the lobule, as figured Plate XIII. fig. 4. Beale 
describes the liver as formed of tubes, often terminating in 
o^scal extremities, and lined with the cells which constitute the 
nlumate ramifications and ducts of the glands (Plate XIII. fig. 
3). Chrzonszczewsky and others consider that a minute pas- 
sage exists around each hepatic cell, and that the biliary ducts 
originate in these passages (Plate XIII. fig. 3). These small 

ducts they have succeeded in injecting. It cannot be said, how- 

e 
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ever, that this difficult histological question has been definitely 
decided. The action of the cells is to attract and select from 
the blood, materials which they elaborate into bile in their 
interior, and this is subsequently discharged into ducts, and 
accumulated in a gall-bladder until it joins the food in the 
duodenum, as previously described. 

The bUe is a viscous, brown or greenish fluid, of strong bitter 
taste. The solid matter it contains varies from 9 to 17 per cent 
The quantity of it formed daily has been estimated at 3^ lbs. 
(Bidder and Schmidt. See p. 204) ; but this varies under a great 
variety of circumstances. It is composed of water holding salts 
in solution, with mucus, colouring matter, and fat. The salts are 
those of soda, potash, and ammonia, in combination with two 
resinous acids — the glychochclic and taurockolic acids, the latter 
of which contains sulphur as a constituent. The colouring 
matters are five in number. (See p. 32.) The fatty matter is 
composed principally of cholestrin, mingled with a small pro- 
portion of fatty acids and various products of the disintegration 
of the tissue as leuciuy tyrosin, xanthin, and hypoxanthin. Oxide 
of iron is a common constituent of the ashes of bile, and copper 
is found in healthy bile and biliary calculi. 

Bile is excreted in two ways. A portion of it, including the 
colouring matter, passes through the whole alimentary canal 
The greater portion, however, during its transit is absorbed 
into the blood, and is ultimately carried off by the respiratory 
process in the form of carbonic acid. The amount of the ex- 
cretion in these two ways varies greatly, one being to a certain 
extent increased if the other be diminished. It is absolutely 
necessary for the bile to be conducted out of the system, and 
if, through any obstruction in the duct, it be prevented from 
being discharged into the duodenum, it accumulates in the blood, 
producing jaundice, and acts as a poison. Although, there- 
fore, the bile is useful as a secretion in operating on the 
chyme, there can be no doubt that its principal function is 
that of purifying the blood of hydrogen and carbon, and acting 
as an excretion. 

The orifice of the common bile duct in the duodenum is much 
narrower than the duct itself, and is easily closed by the con- 
traction of the intestine. The vis a tergo exerted by the fluid 
secreted is not sufficient to open it, and the bile therefore passes 

'-o the gall-bladder. When, on the other hand, chyme passes 
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from the stomach in quantity during digestion, it probably dis- 
tends the duodenum, and thus tends to open the orifice of the 
duct, thereby facilitating the flow of bile. It has been thought 
that the gall bladder contracts by reflex action when the mucous 
coat of the bowel or the extremity of the duct is stimulated by 
food or drugs. But I have satisfied myself by several experi- 
ments, (1) that the gall bladder is not contractile on the appli- 
cation of the strongest stimuli ; (2) that it has no proper 
muscular coat, but only a few fibre cells ; and (3) that irritation 
of the orifice of the duct in rabbits and dogs causes no flow 
of bile. On the other hand, strong contraction of the diaphragm 
and muscular parts surrounding the gall bladder compresses it, 
and immediately causes a flow of bile.* 

Free fat, — ^The liver also secretes a large quantity of free fat, 
which, accumulating in the cells of the organ, often causes so- 
called /a«y liver, as was first shewn by Bowman. It collects at 
first in the interior of the hepatic cells in the form of minute 
molecules, which, uniting together, form granules, and these at 
length melt into large globules, which completely distend the cell, 
and cause disappearance of the nucleus (Plate XII. figs. 13 and 
14). This form of structural atrophy or fatty infiltration causes 
great enlargement of the organ, the accumulated fat taking the 
place of cell texture. All stall-fed animals present this cod dition 
of the liver to a moderate extent. The manner in which this 
lesion is induced artificially in the livers of geese at Strasburg, 
in order to make the celebrated Pat% du Foie Gras, is highly 
illustrative of the function of the organ, and of the manner in 
which it becomes diseased in hot climates. The animals are 
confined in a heated atmosphere, and largely supplied with food. 
Want of exercise and heat diminish the respiratory function, 
and the excretion of hydro-carbon from excess of food is there- 
fore forced upon the liver. Under these circumstances, it cannot 
be wholly got rid of, and is stored up in that organ in the form 
of fat. 

Glycogen. — It has been shewn by Bernard that the liver con- 
stantly secretes a substance which, when separated, presents all 
the physical and chemical properties of hydrated starch. He 
supposed that the moment this substance comes in contact with 
the blood of the hepatic vein, it is converted into sugar, which 
in its turn is decomposed by the oxygen of the air in the lungs, 
* See the Author's paper in Brittsh Medical Journai, Jan. 7. 1871. 
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and there disappeara. If the pulmonaiy action be inBufficient 
to accompliBh this, the sugar becomes in excess in the blood 
generally, and is excreted by the kidneys, forming, as it was 
supposed, the disease known as diabetes. Hence also why a 
section of the pneumo-gastric nerves, injuring the fourth ven- 
tricle of the brain, where these nerves originate, and occasionally 
blows on the head, may occasion diabetes. 

The experiments on which this theory was founded were 
numerous, were carefully repeated, and appeared at first to be 
very convincing. In a dog that had been fed exclusively on 
animal food for six weeks the portal vein was tied, and the 
animal killed. No sugar was then shewn to exist in the portal 
blood going to the liver, while it did exist in the liver itself, and 
in the hepatic blood coming/rom the liver. Again, in a rabbit 
it was shewn that no sugar was present in its urine. The fourth 
ventricle was then perforated from above with a strong needle 
or a stylet, and in an hour diabetes was produced. Subsequent 
experiments, however, by Pavy, confirmed by those of McDon- 
nell and others, have shewn that during lifty or immediately 
after death, there is no sugar in the liver or in the blood of the 
right side of the heart, although glycogen or the amyloid sub- 
stance is present Hence its occurrence after death, as witnessed 
by Bernard, is entirely a post mortem phenomenon. No fact 
more strikingly exhibits the difference between living functions 
and dead properties, and how careful one should be not too 
readily to infer the existence of the former from an examination 
of the latter. 

The liver, therefore, is associated with the lungs in excreting 
hydro-carbonaceous products. This is well shewn by the cir- 
cumstance, that in those cases where the lungs impei-fectly 
separate carbonic acid gas, the action of the liver is particularly 
apt to be disturbed. Thus, if more non-nitrogenised food be 
taken than can be got rid of by the lungs in the form of car- 
bonic acid, the liver pours a greater quantity of bile into the 
duodenum, causing those symptoms known as hilious. This is 
what happens frequently to Europeans in tropical climates. 
The rarity of the atmosphere, and the little exercise which is 
taken, throws increased work upon the liver. The appetite is 
then too frequently stimulated by drugs and spices, which in- 
crease the disturbance, rendering a return to Europe necessary. 
All such persons, therefore, should carefully adapt a certain diet 
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to the amount of exercise they take and the vigour of the re> 
spiration, avoiding carbonaceous, especially oily food, and alcoholic 
drinks, and living according to the simple habits of the natives. 
Expenments of the Edinhi/rgh Committee, — Considering the 
uncertainty that existed as to the secretion of bile, especially 
among medical practitioners, and the contradictory opinions held 
as to the influence of mercury and other drugs as cholagogues, 
I suggested to the British Medical Association at its meeting 
in Chester, 1866, to appoint a Committee to investigate the 
subject. This was agreed to, and the Committee, of which I was 
appointed Convener, applied itself for two years to one of the 
most laborious and difficult inquiries in the whole range of 
physiological and therapeutical investigations. The results 
arrived at may be shortly stated as follows : — * 

1. That no kind of examination of the faeces can yield trust- 
worthy results, because it is onlv a small portion of the bile 
derived from the liver and poured into the duodenum that is 
mixed with the alvine discharges, in consequence of the large 
quantity of it which is absorbed and decomposed during its 
passage through the alimentary canal. Purgatives, it is true, 
may cause a discharge of unchanged bile from the bowel in 
increased quantity, but this is no proof that the secretion of it 
is augmented. It only forces the bile in the upper part of the 
canal downwards and outwards, thus preventing its absorption. 
and the changes in it which would otherwise take place. The 
only accurate method, therefore, of determining the amount of 
bile secreted by the liver, is by producing biliary fistulse in living 
animals, and collecting the bile directly through such fistulas 
with the gall bladder. 

2. That the best animal for making such investigations with 
was the dog, because it was shewn by six series of experiments, 
conducted by Dr Wm. Rutherford, on these animals, with and 
without biliary fistulaa, that mercury produced in them exactly 
the same phenomena during life as it does on man, and that 

* See Report on the Action of Mercury, Podophylline and Taraxacum, on the 
Biliary Secretion, by the Edinburgh Committee of the British Medical Association 
—in the Transactions of British Association for the advancement of Science for 
1868, and separately published. Edinburgh : Edmonston k Douglas, 1869. It 
is to the pages and tables in this Report that the subsequent references are made. 
See also the BrUUh Medical Journal for July 25th, 1868, May 8th, 1869, and July 
24th, 1860 ; and " Medicine in Modem Times." London. Macmillan k Co., 1869, 
p. 193. 
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after death from poisonous doses precisely the same appearances 
were observed in the dead body.* 

3. The Committee succeeded in establishing permanent fistulft 
in nine dogs, with which they were enabled to pursue their in- 
vestigations until the inquiry appeared to them to be exhausted. 

4. In every case, the fistula being established, the whole of 
the bile secreted for 24 hours was collected in an apparatus, 
which is described in their Report,t for several consecutive days, 
so as to establish an average ; and afterwards mercury was given 
in all its forms, in every possible way, and in all kinds of doses, and 
further collections of bile were made in the same careful manner 
to contrast with them. The results were carefully recorded day 
by day, the amount of bile accurately measured, its fluid, solid 
and saline constituents, determined by analyses, and the quantity 
of each of these calculated in relation to 100 grammes of the 
dog's weight, and to 100 grammes of the food consumed. 

6. It was conclusively proved that on no occasion whatever 
did mercury increase the biliary secretion. The drug does not 
even influence it so long as neither purgation nor impairment of 
health are produced, but it is diminished as soon as either or 
both are induced. \ 

6. Podophylline, another drug which has been supposed to 
have a cholagogue action on the liver, was tried in the same care- 
ful way as mercury had been, and so far from increasing was 
found to diminish the solid constituents of the bile, and the 
fluid also when it occasioned purgation. § 

7. Taraxacum extract, in doses of from 60 to 240 grains, was 
shewn to be quite inert || 

8. Purgation, however produced, was shewn by the Com- 
mittee invariably to diminish the quantity of the biliary secre- 
tion, a conclusion of great importance in a therapeutical point 
of view. This result is evidently due to the drain from the in- 
testinal walls, which furnish portal blood, and from which in 
turn the bile is almost entirely formed. IT 

9. The relation between the amount of bile secreted and the 
quantity of food consumed is not so close as has been supposed. 
Often the dogs while eating the same diet, and without any 
apparent disturbing cause, such as diarrhoea, secreted one half, 

* See Report, Table I., pp. 201, 2. t Ibid. p. 200. 

\ Ibid. p. 222. § Ibid. p. 229, Tables XVII., XVIII., XIX. 

I Ibid. p. 229, Table XX ^ Ibid. p. 229, Table XVI. 
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and on one occasion four-fifths less than on previous and subse- 
quent days. Again, it was often observed that while the food was 
varied in quantity, the amount of bile secreted remained the 
same. On the other hand, withholding food altogether, causing 
partial starvation, was shewn greatly to diminish the secretion 
of bile.* 

10. The size and weight of the animal were proved by the 
Committee to have no influence on the amount of bile secreted* 
Thus a large dog, weighing 19 kilogranmies (Bog 4), secreted 
on an average only 67.1 kilo's of bile daily, while a smaller 
dog (Bog 6), not one-third the other's weight, that is, 5.1 kilo's, 
secreted in the same time 113.8 kilo's of bile daily. Again, 
Bog 4, secreted 3.53 granmies of fluid bile per kilogramme of 
its weight ; Bog 7, 4.6 per kilo ; Bog 5, 21.8 per kilo ; and Bog 
6, 21.8 per kilo. This result vitiates all previous calculations as 
to the amount of secretion in man, based on the calculations of 
the relative weights between him and the lower animals.t 

11. Exercise was always observed to increase for a time the 
flow of bile from the fistulous openings in the dogs, a result pro- 
bably due to the pressure upon the liver of the contracting 
abdominal muscles, whereby its contents were expelled. We 
have previously seen (p. 251) that forcible contraction of the 
muscles pressing upon the liver, may be seen to cause a copious 
flow of bile from the duct into the duodenum.^ 

These conclusions of the Committee are based on a series of 
observations, embodied in 21 valuable tables, setting forth in a 
form that can be easily studied, the facts obtained during two 
years, from the nine dogs in which biliary fistulaB had been 
made. It is only justice to declare that science is indebted to 
the labour and perseverance of two members of the Committee, 
viz., Br Wm. Eutherford and Br A. Gamgee, for the physiologi- 
cal and chemical observations, and for the labour of drawing up 
the tables. 

3. Excretion from the Kidney, 

Structure of the Kidney. — A section through the kidneys shew 
that they consist of a medullary and a cortical substance. The 
former is composed of tubes which may be traced from the 
pelvis of the organ, diverging outwards ; dividing dichoto- 
mously, and becoming smaller and smaller. They diminish 

-* See Report, p. 229. f Ibid., p. 230, Table XXI. X Ibid., p. 2.S1. 
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from 1.300th to 1.600th of an inch in diameter. In the larger 
portion of the tabe, they are lined with polygonal nucleated cells 
compressed together (Plate XIII. fig. 10), but in their smaller 
portions, especially as they become convoluted in the cortical 
substance, they contain molecules and nuclei in various stages 
of development (Fig. 11). On carefully examining a section of 
the cortical substance of the kidney, it may be seen under a mag- 
nifying power of 20 diameters linear, to present the appearance 
figured Plate XIII. fig. 5, consisting of the convoluted Tvhvli 
wriniferi and Corpora Mcdpighiana. The latter consist of a 
rounded mass of capillary blood vessels, which come off from 
the terminal branches of the renal artery, as figured Plate XIII. 
^g, 8. From them emerges an efferent vessel which divides 
and subdivides to form the capillary plexus of the cortical sub- 
stance (Fig. 6), and also sends down branches to supply the 
tubes of the medullary substance. (Fig. 8, <f. and b.) Those 
MaJpighian bodies are surrounded by a capsule, formed by the 
terminal expansion of the uriniferous tubule, as was first 
shewn by Mr Bowman (Fig. 9). This relation of the vascular 
and tubular structures of the organ, is well shewn in the dia- 
gram given by Frey (Plate XIII. fig. 6). A transverse section 
of the medullary near the corticle portion, under high powers 
(200 diam. lin.), shews the Malpighian body and its capsule, the 
tubes with their epithelial linings, the vessels surrounding them, 
and the fibrous stroma of the organ — after Eckar (See Fig, 7). 
The peculiar arrangement now described, whereby an abrupt 
retardation in the current of blood is caused by the sudden 
division of an artery in a number of minute branches, while the 
pressure remains constant, favours the ready passage of water 
from the blood through the capillary walls. The water is 
caught in the funnel-shaped expansions of the uriniferous tubes 
surrounding the Malpighian bodies, flows through the ducts, 
receiving and dissolving the secretion formed by the gland cells 
which line them, and passing along the uretors, is accumulated 
in the urinary bladder in the form of urine (Plate IX. figs. 1, 
16, and 17). Its expulsion from thence takes place from time 
to time by an act of volition. 

The daily amount of urine discharged in a healthy person 
has been variously estimated. According to Prout it is 35 fluid 
ounces ; according to Parkes it is 52^ ounces. It is of a wine- 
yellow colour, and slightly acid in its re-action on vegetable 



EXCRETION FROM THE KIDNEY,^ 



257 



colours. The average specific gravity varies from 1012 to^ 1030. 
Its composition, according to Becquerel, is as follows : — 

Water 967. 

Urea 14.230 

Uric acid 468 

Colouring matter 1. 

Mucus and animal extractive matter j inseparable 10.167 

Sulphates 



Salts ...H 



Phosphates. 



(Soda 

(Potash 

/Lime 

JSoda 

I Magnesia 

(.Ammonia ^ 

c^i-des {rotTuin-::: 

Hippurate of soda 

^Fluate of soda 

Silica traces 



8.135 



1000.000 



The proportion of these constituents varies considerably, even 
in health, according to the amount and quality of the food and 
drink, the occupation, period of life, sex, and other circumstances. 
In disease, the variations are still greater. The quantity, as a 
whole, may be increased or diminished, and the saline con- 
stituents may be so augmented as to be deposited on cooling, 
causing the formation of various salts. The urine may also be 
loaded with foreign substances, as blood, albumin, pus, sugar, 
&C. Hence why a careful examination of this fluid is so im- 
portant to the physician, as indicating a variety of morbid con- 
ditions, not only of the urinary organs themselves, but of the 
constitution generally. 

The kidneys, therefore, separate — 1st. A large quantity of the 
water which enters the body as drink ; 2d. Certain material^ 
derived from the primary digestion ; and 3d. Matters the result 
of the secondary digestion, or disintegration of the tissues. 

Excretion of Nitrogenous matters. — The principal object of the 
kidney is to separate two substances rich in nitrogen ; so that, 
while the liver may be considered as an organ excreting hydro- 
carbon, the kidneys must be regarded as organs which separate 
nitrogenous substances. The forms these assume are two, viz., 
urea and uric acid. (See pp. 13 and 14.) Of the former, 500 
grains, or about an ounce, are excreted by a healthy man daily, 
and of the latter, somewhat more than 8 grains. Children 
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between three and seven years of age excrete twice as mndL 
According to Liebig, when the vital force in the albuminous 
timues is no longer able to resist the chemical action of the 
oxygen which is conveyed to them in the arterial blood, it com- 
bines with their elements, and forms prodncta, among whidi 
uric acid is the most important But if sufficient oxygen and 
water be conveyed into the arterial blood, the greater part of the 
uric acid, or more insoluble salts, is converted into urea and 
carlx)nlc acid ; so that the effete nitrogemsed elements of the 
tissues reach the emunctories in a soluble form, a condition 
necessary for their ready secretion. Hence the more oxygen 
enters a tissue during its disintegration, the more complete will 
be the conversion of the insoluble uric acid into the soluble urea, 
and the more easy its elimination from the body. 

In this manner is explained how the urine of the boa-con- 
strictor is semi-solid, consisting almost entirely of bi-urate of 
ammonia, as the animal eats an enormous meal of nitrogenous 
food ; but being a cold-blooded, slowly-respiring animal, it takes 
in too little oxygen to convert the uric acid into urea. On the 
other hand, the lion and the tiger, equally carnivorous with the 
serpent, are rapidly-respiring, warm-blooded animals ; and al- 
though, from their violent muscular exertions, rapid and great 
destruction must occur, scarcely a trace of uric acid is found in 
their urine, as it is all converted into urea at the moment of its 
formation, in consequence of the abundant supply of oxygen. 
The non-nitrogenised elements of our food, however, consider- 
ably interfere with the conversion of uric acid into urea, because 
they also combine with oxygen. Hence, according to Liebig, 
man, being an omnivorous animal, partakes of a sufficient amount 
of food, rich in carbon, to prevent the complete conversion of 
insoluble uric acid into soluble urea ; consequently, the former 
substance appears in the urine, its proportion to urea being as 
1 to 32. 

Numerous researches of recent investigators have added 
great information as to the circumstances which increase or 
diminish the amount of the urea and uric acid excreted. The 
principle of tliese are. Food, Exercise, Season, and Disease. 

Food, — The influence of an animal, vegetable, and mixed diet, 
was shewn several years ago by Lehmann, from experiments on 
his own person. The results were : — 
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Diet. 


Quantity excreted in 24 hours in 
grammes.* 




Solid 
consti- 
tuents. 


Urea. 


Uric 
acid. 


Extrac- 
tive mat- 
ters and 
salts. 


Ratio of 
urea to 
solid con- 
stituents. 


On a mixed diet 
On an animal diet 
On a vegetable diet . 
On a non-nitrogenous diet 


67.82 
87.44 
59.24 
41.68 


32.498 
53.198 
22.481 
15.408 


1.183 
1.478 
1.021 
0.735 


12.746 

7.312 

19.168 

17.130 


100:116 
100: 63 
100:156 
100:170 



These conclusions have, in their main features, the quantities 
varying somewhat in different analyses, been confirmed by all 
experimenters. 

Exercise, — The views of Liebig led to the supposition that 
muscular exertion, by causing waste of nitrogenous tissue, would 
largely increase the excretion of nitrogenous products by the 
kidneys. The investigations of Ed. Smith, Voit, and Lehmann, 
however, shewed that this increase was very trifling. A care- 
ful experiment by Messrs Fick and Wislicenus in 1866, shewed 
that it was diminished during their ascent of the Faulhom, one 
of the Swiss Alpine peaJjs, about 2000 feet high. They took no 
albuminous food for seventeen hours previously, nor during the 
ascent, which occupied eight hours, nor for six hours after, their 
diet consisting of biscuits, starch, fat, and sugar. The examina- 
tion of the urine gave the following results. f 



1. Urine of the night previous to the ascent — 

a period of 12 hours, .... 

2. Urine of the period of ascent — 8 hours and 

10 minutes, 

3. Urine excreted for 6 hours after the ascent, 

4. Urine of the night following the ascent, 

after a good meal had been taken — 10^ 
hours, 



The average quantity of 
nitrogen excreted per hour 
was, by 


r 

FiCK. 


Wislicenus. ' 


Grammes. 


Grammes. 


0.63 


0.61 


0.41 


0.39 


0.40 


0.40 



0.45 



0.51 



A gramme equals 15*434 grains. 



t Lond. F%a. Mag., 1866, p. 485. 
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The same conclusions were arrived at by Haughton, and by 
Parkes.* The latter subjected two soldiers to a careful and pro- 
longed series of experiments, so that there can now be no doubt 
that muscular exertion does not increase the excretion of urea. 

SecLson, — Dr E. Smithf found in himself that the daily 
quantity of urea varied from 219 to 700 grains, the average 
being 519 grains. It was increased with diminished tempera- 
ture and with increased atmospheric pressure. It was greatest 
after the breakfast and tea meals, and least during the hours of 
the night and early morning. 

Disease. — During the progress of most acute diseases, it may 
be observed that the urine becomes loaded with urates, a phe- 
nomenon indicative of exci*etion of the exuded matters. Hence 
in Pneumonia, Pleurisy, large abscesses, &c., it constitutes fre- 
quently an important element of the crisis. It is common in 
gout and rheumatism, two diseases in which the uric acid dia- 
thesis prevails, the first caused by derangement of the primary, 
and the last of the secondary digestion. A large increase in 
urates may also occur in cases, causing rapid emaciation of the 
body, as in fever and phthisis, in active dyspepsia, suppression 
of the perspiration, from blows and strains of the loins, affecting 
the kidneys, and diseases of the genital apparatus. Occasion- 
ally uric acid may be deposited in an insoluble form in the 
kidney or bladder, and aggregating, form a mass giving rise to a 
calculus. It constitutes a large proportion of these formations, 
even when they are composed of other ingredients, the nuclei 
on which they are deposited being, in the great majority of 
cases, formed of uric acid. When the kidneys are so diseased 
that their excretory functions are much interfered with, two 
phenomena are apt to occur, viz., dropsy and accumulation of 
urea in the blood. In the first case, the water, not escaping by 
its natural channel, transudes through the blood vessels, causing 
anasarca, which often commences in such affections, primarily, 
in the face. In the second case, nervous symptoms are apt to 
occur from poisoning of the blood, or, as it is generally called, 
wcemia, especially convulsions and coma. The pathological 
causes of this have been much discussed, but we cannot enter 
into this subject here. J 

In relation to the transformations producing urea and uric 

* Proceed. Roy. Soc., Nos. 89 and 94, 1867. t ™d. May 30. 186L 

t See the authoi's <* Clinical Medicine/' 6th edition, p. 1007. 
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acid, — the various views advanced as to the place and mode 
and origin of these nitrogenous products, — ^we have seen they 
do not result from disintegration of the muscular tissue, as was 
once supposed, and whether they are caused by changes in the 
liver (Meissner*), in the kidney, blood, or elsewhere, requires 
further investigation. 

Excretion of inorganic matters. — In addition to urea and uric 
acid, which are the excretory products of the nitrogenous com- 
pounds, the kidneys are constantly separating from the blood 
a large quantity of earthy salts. These are excreted to the 
amount of 250 to 300 grains daily. Lehmann found that the 
amount varied in men between 135 to 367 grains, and in 
women between 154 to 294 grains. The inorganic matter of 
the urine consists of salts formed by the combination of 
chlorine, sulphuric and phosphoric acids, with soda, potash, 
lime, and magnesia. 

a. Chlorides of sodium and potassium. — Nearly all the chlo- 
rine found in the urine is combined with sodium. According 
to Hegar, the average quantity passed in 24 hours is 262J 
grains. The quantity is diminished in all diseases in which an 
exudation takes place, such as pneumonia, pleurisy, &c. The 
amount of chloride of potassium in the urine is very small, 
varying from 15 to 30 grains. 

h. Sulphates. — Sulphuric acid is found in combination with 
soda and potash. Lehmann found, that with an ordinary 
mixed diet, 105*3 grains of sulphates were excreted in 24 
hours ; after a strictly animal diet for 12 days the amount 
rose to 155*9 grains, and after the use of a vegetable diet for 
the same time they fell to 87*69 grains.f The administration 
of pure sulphur increases the sulphur constituents. 

c. Phosphates. — The phosphatic salts found in the urine are 
by far the most important. It has been found that from 56 to 
77 grains of phosphoric acid are thrown off by the kidneys in 
24 hours, which are united to the bases — soda, ammonia, lime, 
and magnesia. In healthy urine there are two kinds of phos- 
phates — ^alkaline and earthy phosphates. The alkaline consist 
of acid phosphate of soda ; the earthy, of phosphate of lime 
and phosphate of magnesia. In decomposing urine there are 

* "Centralblatt,'* 1868, pp. 226 and 276. 

t LehmaDD, " Physiological Chemistry." Translated by Dr Day. Cayendish 
Society. Vol. i. p. 446. 
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also found the ammoDiaco-magnesian or triple phosphate. The 
acid phosphate of soda is, according to Liebig, the principal 
cause of the acid reaction of urine. During digestion liie urine 
becomes alkaline, from the excretion of the alkaline phosphate 
of soda derived from the food. Phosphoric acid forms, with 
lime and magnesia, compounds termed earthy phogphateg, which 
are soluble only in a slightly acid fluid. Consequently those 
salts do not appear as precipitates in healthy urine ; but when 
from any cause l^e urea decomposes into carbonate of ammonia, 
and the urine is thus rendered alkaline, they are at once thrown 
down — the phosphate of lime being unchanged ; but the am- 
monia unites with the phosphate of magnesia, and forms a 
precipitate of ammoniaco - phosphate of magnesia, or triple 
phosphate.* The quantity of earthy phosphates varies consi- 
derably, but the average amount excreted in 24 hours may be 
stated at 16 grains. When hiealthy urine is distilled, the am- 
monio-phosphate of' soda is formed by the action of the acid 
phosphate of soda on the urea ; but this salt does not affect 
the acid reaction of the urincf 

The soluble phosphates must be regarded as derived directly 
from the food, or from the blood when in the act of forming the 
tissues. The insoluble or earthy phosphates, which constitute a 
part of the structure of the body, are conveyed to the urine 
during the disintegration of the tissues, more especially of the 
brain and nervous system. The greater part, however, is 
divided from without, as it occurs in considerable quantity in 
most elements of food divided from the vegetable kingdom, as 
in wheaten flour, and leguminous seeds, or beans and peas. The 
phosphates, like the urates, then, are of double origin, partly 
divided from the primary and partly from the secondary 
digestion. 

The influence of disease on the increase of the earthy phos- 
phates in urine is of great importance, indicating, as it does, 
serious functional, and frequently organic, mischief. Of the 
former, the depression, both mental and corporeal, in old people, 
and of the latter, the effects of local injury to the spine are ex- 
amples. On the other hand, when the triple salt occurs in 
small quantities, and is free from phosphate of lime, the 

♦ Neubauer and Vogel, " Guide to Qualitative and Quantitative Analysis of the 
Urine." Translated by Dr Markham. New Sydenham Society. Fourth edition, 
p. 56. t Ibid. 
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amount of functional or organic lesion is at a minimum, as in 
cases of dyspepsia. In the decrepitude of old age, abundant 
deposits of triple phosphate are common. In health, the urine 
is prevented from becoming ammoniacal from a protective influ- 
ence exerted on it by the mucus which lines the urinary pas- 
sages. But this is dependent on the integrity of the spinal 
nerves, and of the ganglionic system connected with them. 
When these nerves or the spinal cord are injured, so as to cause 
paralysis, large quantities of the triple phosphate and of the 
earthy salts are formed, often producing chronic thickening of 
the coats of the bladder. 

The chemical and histological examination of wrine is now of 
the highest importance, not only physiologically, but as en- 
abling us to arrive at a diagnosis of the diseases of the urinary 
organs, and to determine the nature of the treatment. This 
will be subsequently referred to at length. (See Practical 
Physiology.) 

4. Excretion from the Skin, 

The skin not only serves as a very efficient protective covering 
to the body, but is a most important organ, constantly excreting 
watery and fatty matters. The epidermis, hair, and various 
appendages which grow from the surface, may, in addition to 
the special purposes they are fitted for, also be regarded as ex- 
cretions. The structure of its various parts may be noticed 
separately. 

The epidermis, or scarf skin, forms the outer layer of the skin, 
and consists of epidermic cells, round below, compressed above, 
and flattened externally (Plate XIV. fig. 4 a). It varies in 
thickness in different parts of the body, being thin over the 
lips and flexures of the joints, and thick where it is subject to 
pressure, as on the fingers and heels. On making a thin 
vertical section from without inwards, it is seen in the last 
situations to be composed of flattened nucleated scales adhering 
together. Below they are fusiform (Fig. 4, 6), and between the 
papillsB or projections of the chorium, serving as follicles, they 
may be seen in all stages of formation, — molecules, nuclei, and 
cells, &c. As they are pushed outwards, they undergo a chemical 
change, the walls being at first soluble, but afterwards insoluble 
in acetic acid, and undergoing what is called the horny trans- 
formation. 
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The cutis or dermU, also called corivm or leather skin, oonsti- 
tates the deeper layer of the akin, is composed of areolar and 
elastic fibrous tissues, which vary in different proportions in 
▼arions parts of the suif ace. When great elasticity is required, 
as in the axilla, the elastic tissue predominates ; where resist- 
ance is demanded, as in the sole of the foot, there is a dose 
mesh-work of areolar tissue. It also varies in thickness in 
different parts of the surface, being thin and delicate over the 
prepuce and eyelids, and thick when pressure is necessary, as 
on the sole of the foot. It may thus vary from 0.24 to 2.80 
m.m. (Henle). The cutis rests on a layer of subcutaneous 
fat which gives symmetry and roundness to the figure; ex- 
ternally it exhibits a series of ridges or projections called 
papillae, which are embedded in depressions of the cuticle. 
These vary in shape and size. They are large, more numerous 
and conical on the tongue, palms of the hands, and soles of the 
feet, their average length being 1.100th of an inch, and breadth 
at the base 1.250th of an inch. They are richly furnished with 
capillaries in the form of loops derived from an arterial twig 
from the arterial plexus. The vascularity is greatest where the 
ridges are most marked, and the sense of touch best developed. 
Hence the loops of nerves and blood vessels are more numerous 
in the papillaB of the fingers than on the back of the hand. 
Some papillse are only furnished with blood vessels, others with 
nerves, and a third kind with both. They have been con- 
sidered, therefore, as vascular and tactile, the former being 
most numerous. (See Sense of Touch.) 

The 9vdoriferou8 or sweat glands lie at various depths in the 
true skin. They consist of a tube, blind and convoluted into 
a ball at its furthest extremity, which terminates externally 
on the surface of the cuticle. The tube is of the same diameter 
throughout, about 1.1700th of an inch, runs a straight course in 
the corium, but on passing through the epidermis, becomes spiral. 
In the first position, it is formed of a firm membrane, lined by 
epithelium ; in the second, it has no distinct coat, the spiral 
portion being a mere groove or channel in the epidermis, the 
cells of which are twisted in various directions to form its walls, 
as was pointed out by Hainey. These glands are scattered 
abundantly throughout the whole skin, but are most numerous 
in the palms of the hands and soles of the feet. In these situa- 
tions, according to Krause, there are 2736 in each superficial 
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square inch. In the same space on the back of the hand there 
are 1500 ; on the forehead and neck, 1300 ; on the breasts, belly, 
and arms, 1100 ; on the cheeks and thighs, from 500 to 600 ; and 
on the back, 400. Wilson estimates the number on the palm of 
of the hand at 3520 per square inch. 

These glands secrete the sweat, a watery fluid which is for 
the most part carried off from the surface in the form of vapour 
as fast as it is separated. When, from increased exertion or 
other cause, the perspiration is augmented in quantity, or when, 
from a greater degree of moisture in the atmosphere, it is not 
readily evaporated, it becomes visible in the form of minute 
drops, which distil from the surface. The fluid consists prin- 
cipally of water, holding in suspension a few epithelial scales 
and fatty particles, and in solution a small quantity of the salts 
of soda, potash, and lime, with a trace of oxide of iron. Its 
reaction is acid to test paper, though it becomes alkaline after 
long exposure to the air. In diseased conditions, uric acid, 
grape sugar, albumin, and biliary colouring matters have been 
found in it, and occasionally therapeutical substances taken into 
the economy, such as benzoic, succinic, and tartaric acids, iodine 
and iodide of potassium. Funke pointed out that, during ex- 
cessive sweatings, a larger amount of urea was excreted in the 
sweat than was generally supposed, — in one experiment so 
much as 6^ grains in one hour,— so that nitrogen may be elimi- 
nated from the body by this channel to a considerable extent. 
The amount of sweat given off daily varies greatly — ^the maxi- 
mum, according to Seguin, being 5 lb., and the minimum, 1 lb. 11 
oz. 4 dr. The average quantity, according to Valentin, is 2^ lb. 
The maximum, according to Funke, is much higher ; but little is 
positively known on this subject, as various parts of the surface 
secrete different quantities, and calculations made from one part 
and applied to the entire skin^ can only be fallacious. There is 
an intimate relation between the functions of the skin and those 
of the lungs and kidneys, — the one being more active when the 
other is depressed. Animals, on being covered with an imperme- 
able varnish die, with all the symptoms of asphyxia, — ^the lungs 
and right side of heart become congested, while the temperature 
of the body rapidly sinks 36 degrees. Again, skin diseases, and 
especially febrile eruptions, materially affect the kidney, and 
thereby give rise to secondary dropsies. The exhalation from 
the skin, also, is influenced through the nervous system, being 

/ 
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increased by fear and terror, and diminished by anger and ex- 
citement It is increased by depressing causes, exhaustion, and 
diseases, as well as drugs, which weaken the action of the heart. 

The most important investigation in recent times as to the 
secretion of sweat, is that undertaken by Dr Weyrich of Doipat.'* 
His object was to determine the average and relative amount 
of the cutaneous transpiration from various regions of the skin, 
1st, in healthy adults, under ordinary conditions ; and 2d, the 
variations in this average produced by external and internal 
causes. He employed an instrument similar to Daniell's con- 
densing hygrometer. The experiments continued over a year 
and a half, and were made upon himself. The results were 
AS follows : Secuon of the year, — It is generally supposed that 
less fluid is eliminated by the skin in cold than in warm weather, 
but in those who follow indoor occupations, Weyrich found that 
season exercised little influence. Variations in the pressure of 
the air produced little influence. Perspiration, however, is 
favoured by a bright serene sky, and diminished in sullen, over- 
oast days. Temperatwref if increased or diminished, causes a 
corresponding increase or diminution in the amount of the per- 
spiration. Period of the day, — It is more active in the morning 
and at noon. During the night it is 20 per cent, less than in 
the day. Food increases the perspiration, wluch is always aug- 
mented after every meal. Tea, coffee, and alcoholic liquids, 
greatly increase.it, even to double the fasting average. Exercise 
of body always increases the perspiration, sometimes more than 
double the mean amount. Mental exhaustion or depression 
causes a diminution. A mustard poultice causes a local rise of 
67 per cent. Snow or ice causes a fall of 51 per cent., but on re- 
action induces a rise of 16 per cent. Friction with vfamt oil 
causes a rise of 27 per cent. Friction with a soft brush for five 
minuteB causes an increase of 80 per cent. 

The Sebaceous glands are found in most parts of the skin, but 
are absent from the palms of the hands and soles of the feet. 
They are most abundant on the scalp and face (especially about 
the nose), the anus and scrotum. The glanduke odoriferm of 
the genital organs, and the ceruminous glands of the ears, are 
varieties of them. The orifices open sometimes directly on the 
surface (Plate XIV. fig. 6), but more commonly into the follicles 

• Die Unmerkliche WasserrerduuBtung ver Menschligen Haut. Leipsig. 1862, 
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of the hair (Figs. 1 and 2). They vary in size, in some places 
consisting of a simple tabular follicle, in others, of a small sac, 
which occasionally is lobulated (Plate XIV. ^g, 5). 

These glands secrete an oily fluid, which is sometimes semi- 
solid, and approaches the character of wax. Poured upon the 
surface of the skin, or lubricating the hair, it prevents these 
textures from being dried and cracked by the action of the sun 
and air. Hence it is more abundant in the races which inhabit 
warm climates. In these, and many of the lower animals, the 
sebaceous matter possesses a distinctive odour, whereby they 
can readily be traced by quick-scented dogs. Generally speak- 
ing, the oily matter excreted from the skin is conveyed directly 
to the surface of the hairs or other epidermic appendages in those 
parts of the integument which are supplied by them (Plate XIY. 
figs. 1 and 2). 

The colour cf the skin was formerly supposed to exist in a dis- 
tinct membrane called the rete mtiootum, situated between the 
epidermis and corium. It is now known to depend on the de- 
position of pigment in the lower cells of the epidermis, or those 
nearest the blood vessels, and to be influenced by the general 
laws which regulate the formation of pigment in the animal 
and vegetable worlds. (See Pigmentary Principles, p. 30.) 

Hair, — A hair consists of a shaft and root ; the former is 
that portion which projects beyond the surface, the root is that 
which is enclosed within a follicle fixed in the corium (Plate 
XIV. figs. 1, 2, and 3). 

The ehaft of the hair consists of epidermic cells compressed 
and aggregated together, and presents different appearances in 
various kinds of hair. Sometimes it is wholly cellular (Plate 
XIV. fig. 24), at others wholly fibrous (Fig. 25), and occasionally 
fibro-cellular, in varied proportions. Human hair is generally 
solid and fibrous, sometimes having imbricated scales on its 
exterior (Fig. 7) ; at others, a central medulla, the cells in which 
are more or less loaded with pigment (Figs. 3, m, and 8). Great 
variation exists in the structure of the shafts in the hair of dif- 
ferent mammalia, several of which are given Plate XIV. figs. 7 
to 25. The principal facts to be noticed are the increased imbri- 
cation and roughness of the external scales in the hair of the 
Indian bat (Fig. 14), and in the wool of sheep (Fig 16) ; the 
atmospheric air contained in cells of the hair in an Indian 
monkey (Fig. 11), lemur (Fig. 13), kangaroo (Fig. 18), rabbit 
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(Figs. 20, 21), mouse (Figs. 22, 23), armadillo (Fig. 23), and musk 
deer (Fig. 24) ; the fibro-cellular structure of the polar bear 
(Fig. 15) ; the peculiar form of hair in the omithorynchus, &«. 
A knowledge of these facts has proved of the highest importance 
in medical jurisprudence. When a hair is allowed to grow, it 
tapers towards a point, and then splits up into fibres like a 
painter's brush, which become brittle, and break off. The oily 
and sebaceous matter which nature furnishes to lubricate this 
structure keeps them soft, and prevents such disintegration — 
hence, also, the use of oil and unguents for the hair. 

The root of the hair is a very complicated structure, consisting 
of an inversion of the epidermis, and various layers of cells 
(Plate XIY. fig. 14). At the base of the follicle is a papilla, 
into the interior of which a blood vessel enters, that divides 
into capillary loops, and from which nutritive matter is 
supplied to the growing texture. Immediately outside this, is 
a mass of molecules, which are transformed into cells, and 
these, being pushed forward, become fusiform, then split into 
fibres, or arrange themselves so as to constitute the substance of 
the follicle or of the shaft (Fig. 3, g, h, and Q. Exterior to the 
root, and surrounding the bulb, is a dense plexus of capillary 
blood vessels ; and occasionally there are oblique fibres of or- 
ganic muscular fibres attached to the bulb, the errectores 
pilorum. The whole is firmly fixed in its situation by the 
fibrous interlacements of the dermoid fibrous tissue, assisted by 
the swollen bulbous enlargements of the root itself. When, 
owing to deficient vascularity or nutritive power, the growth 
is diminished or arrested, the bulbous enlargement shrinks, be- 
comes pointed, and the root of the hair falls out, and is not re- 
stored, constituting baldness. 

The colour of the hair depends upon the presence of pigment 
secreted within the cells of the follicle. Well-authenticated 
instances of hair turning white in a short period, from excessive 
grief or anxiety, are known. According to Yauquelin, this is 
owing to the secretion of an acid fluid, which percolates the 
hair, and chemically destroys the colouring matter. 

The nttmber of the hairs in a given space is very various in 
different parts of the body. Henle, quoting Withof , states that 
in a quarter of a square inch there were in a moderately hairy 
man, 293 on the crown of the head, 225 on the back of the head, 
211 on the frontal region, 39 on the chin, 34 on the os pubis, 23 on 



EXCRETION FROM THE SKIN. 269 

the forearm, 19 on the back of the hand, and 13 upon the anterior 
part of the thigh. 

Hygrometric property of hair. — Hair, when dry, readily at- 
tracts moisture from the atmosphere on the one hand, and 
from the body on the other, and is thus an active agent in the 
process of imbibition. When moist, they elongate considerably ; 
a property which has rendered hair, as was first pointed out by 
Saussure, valuable in the construction of hygrometric instru- 
ments. When dry and warm, they are easily rendered electrical. 

Chemical composition of hair, — After maceration in cold nitric 
acid, hair, like horn, is soluble in boiling water, and the solution, 
after evaporation, becomes a gelatinous mass on cooling. Horny 
matter is distiDguishal)le from coagulated albumin or fibrin by 
its being readily soluble in caustic fixed alkalies, but not in 
caustic ammonia. The ashes of haii*, accordiug to Vauquelin, 
amount to one-half per cent, of its weight, and contain oxide of 
iron, a trace of oxide of manganese, of sulphate, phosphate and 
carbonate of lime and silica. Black hair contains most iron, 
and light hair least. 

The naiU, like hairs, grow from an inversion of the epidermis 
at their roots, constituting a follicle, richly supplied with blood 
vessels, which pour out a fluid which becomes first molecular, 
then cellular, and lastly, flat and condensed to form a homy 
plate (Plate XIV. fig. 6). They give support to the extremities 
of the fingers and toes, and thereby minister to the sense of touch. 

In the various classes of animals, the epidermic appendages 
serve the purposes of warmth, of defence, or as aids to the sense 
of touch ; and the modifications they undergo, — as seen in horn, 
whalebone, the quills of the porcupine, the feathers of birds, the 
scales of fishes, the wing-cases and spines of insects, &c., — embrace 
a singular variety of form, constituted of the same structure. 

Absorption by the skin. — It has been doubted whether the 
skin covered with its epidermis is capable of absorbing fluids. 
This point was decided in the affirmative by Dr Madden, in 
1837. He found experimentally — every precaution being taken 
— that there was absorbed through the skin during half an 
hour the body rested in a bath, 53 grains of fluid. This has 
been supposed to result from mere imbibition of the water into 
the external epidermic cells, although the statement of ship- 
wrecked sailors, that immersion of the body even in sea- water 
allays thirst, points to the possibility of water, under certain 
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circumstances, thus passing into the blood. Solid substances 
can only be absorbed by mixing them with some greasy material 
and using friction, when mercury, potassio-tartrate of anti- 
mony, and other substances may be made to enter the economy, 
and produce their peculiar physiological efiEects, such as saliva- 
tion, vomiting, &c Friction causes the unguent to enter the 
sebaceous and sudoriparous ducts, from which they are more 
rapidly absorbed than through the epidermis. Inoculation of 
poisons can only be effected when this external membrane has 
been penetrated, and commimication with the capillaries of the 
cutis established. The notion that nutrition can be increased 
by smearing the surface with oil is altogether erroneous, as, 
even could fat be introduced into the blood by this channel, it 
could not, without the process of chylification, assist the histo- 
genesis of that fluid. 

On the whole, the epidermis is a very sufficient protection to 
the body, and the most deadly poisons do not readily penetrate 
it. Further, while shielding the tactile organs, it admits of 
impressions being conveyed to them with nicety and truth. 
Looking also at the number of glands existing in the dermis, 
and its great vascularity, we readily see how extensive lesions of , 
and diseases in, this important organ, such as from scalds, 
bums^ or exanthematous and pustular eruptions, are so fatal. 

Excretion from the Intestines. 

We have seen that the solid nutritive matter received as 
food daily ought to amount to 30 oz. ; of these, 25 oz. are 
absorbed, and only 5 oz. rejected daily from the intestines. 
In prisoners fed upon a full diet with brown bread, the average 
excreted amounted, according to the experiments of Smith and 
Milner, to 8*55 oz. These consist of certain parts of the food 
which have escaped the digestive process, of a viscous mucus, 
and of various secretions which have been poured into the 
alimentary canal during its passage. There are also numerous 
crystals of triple phosphate, shewing that earthy matters are 
excreted in large quantities by this channel. In the large 
intestine, and especially in the caecum, a further chemical 
change is effected. In the latter situation the peculiar faecal 
odour is first produced, owing, it is supposed, to the secretion 
of an acid liquid there, causing another kind of digestion. Here 
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also the faeces assume solidity, which increases more and more 
as they approach the rectum. 

Histological structure offceces, — The microscope enables us to 
detect in f Sdces the cell walls of vegetable substances, the pulpy 
contents of which have been extracted ; spiral and other ducts 
of plants ; the epidermis of seeds, fruit, and barks ; entire 
granules of starch and chlorophyle granules, which have escaped 
the action of the teeth and solvent properties of the stomach ; 
portions of tendon, ligament, elastic tissue, cartilage, even of 
muscular fasiculi, and various other elements of the food in a 
fragmentary condition, which, from different causes, have re- 
mained undigested. Various forms of fatty matter, including 
adipose tissue and crystals of cholesterine, are not uncommon. 
Among the matters derived from the alimentary canal itself, 
may be mentioned the brown colouring matter of the bile ; 
epithelium cells, young and old, and various saline matters, 
constituting either amorphous deposits or presenting well- 
formed crystals, especially those of the ammoniaco-magnesian 
phosphate. Further, there may exist all the different products 
of diseased action, such as blood, pus, lymph, cancer, &c., 
together with various kinds of vegetable and animal parasites. 
All these substances may be lacerated, more or less digested, 
acted on and altered by various agents, and disintegrated in 
various ways. Yet their detection by the practical physician 
is frequently not only of importance in determining the nature 
of many important morbid states, but has frequently led to a 
curative treatment after numerous remedies had previously 
. failed. 

Chemical composition of fceces. — According to Berzelius, 
human faeces of consistence to form an adherent mass are 
composed of — 

Water ..... 73-3 

rBile . . 0*9 

Matters soluble 1 Albumin . 0*9 

in water y Peculiar extractive 2*7 

(salts . . 1-2 

Insoluble residue of the food . . 7*0 

Insoluble matters added in the intestinal 
canal — mucus, biliary resin, fat, and a 
peculiar animal matter . • . 14*0 

100-0 
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The ashes of human fiBces, according to Enderlin, are com- 


posed of — 






Chloride of sodium and alkaline sulphate 


1-367 


Tribasic phosphate of soda 


• 


2-633 


Phosphate of lime and phosphate 


of 




magnesia 


• 


81-372 


Phosphate of iron 


• 


2-091 


Sulphate of lime . 


• 


4-564 


Silica .... 


• 


7-973 



100-000 

The potash generally predominates over the soda, especially 
when the diet contains much flesh. The reaction of faeces is 
usually acid, although sometimes neutral or alkaline. Accord- 
ing to Marcet, healthy human excrement contains a peculiar 
substance, crystalising in acicular, silky, four- sided prisms, 
commonly grouped in stellse, containing sulphur, and having a 
composition expressed by the formula Crs, Hrs, Si, O2. This 
he calls ExcretiTu, Dr Austin Flint has also obtained a sub- 
stance, which results from the decomposition of cholesterine, 
which he has named StercoHne, The experiments of Smith and 
Milner shewed that 41-8 grains of nitrogen are daily eliminated 
from the body in fsecal discharges. According to Planer, also, 
the gases in the intestines of dogs contained no oxygen, but iii 
I the small intestine great quantities of carbonic acid and hydro- 

gen, whatever was the food ; while in the large intestine, 
\ carbonic acid and sulphuretted hydrogen are present. In the 

^ human large intestine, Buge found the gases to consist of nitro- 

I gen, which preponderated after the use of a flesh ; of hydrogen 
after a milk ; and of carburetted hydrogen after a vegetable 
diet. 

The coloration of the fceces by bUe. — ^The- normal colour of 

faeces is that of a dark yellow brown. It undergoes great 

variations in this respect, according to the amount of bilirubin 

present. In cases where the bile is prevented from passing into 

» the duodenum, faecal matters become white or clay coloured. 

II Medical practitioners have long been in the habit of consider- 
ing the appearance of the alvine evacuations as giving evidence 
of the amount of bile secreted from the liver, and have ima- 

I gined that remedies which cause evacuations of unchanged bile 

^ in the stools have done so by stimulating the liver to increased 
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secretion. It lias now been proved, however, that mercury, 
taraxacum, and podophyllin have no stimulating action on that 
organ, and never increase the amount of bile secreted. (See 
Experiments of the Edinburgh Committee, p. 254.) All pur- 
gatives, however, by propelling the bUe poured into the upper 
part of the intestinal tube rapidly through its whole extent, 
prevent its absorption or decomposition into the system, and of 
course augment its quantity in the alvine discharges. Accord- 
ing to Voit, about 170 grains of the biliary acids are secreted 
daily by the human liver ; while, according to Bischoff jun., 
only 45 grains are discharged in the faeces : so that 1 25 grains 
disappear during their passage through the intestinal tube. 
Hitherto medical men have taken no pains to appreciate the 
amount of bile pigments or bile acids which are excreted daily 
from the economy ; and such is the difficulty of the inquiry 
chemically, that it is very doubtful, in the present state of 
science, if it could be accomplished. The fact, therefore, de- 
monstrated by the Edinburgh Committee, that certain power- 
ful drugs supposed to act upon the liver have no such action ; 
and that mercurial and other purgatives, while they may in- 
crease the amount of unchanged bile in the stools, produce — with 
starvation, poisoning, and all depressing causes — diminution 
and not augmentation, of the hepatic secretion, is of the greatest 
importance. 

The peculiar odour of foeces. — Considerable discussion has 
taken place whether the characteristic odour of faeces is owing 
to the decomposition of bile, or to a peculiar secretion. Valen- 
tin is of the former opinion. If so, does it result from some 
chemical combination of sulphur, or from decomposition of the 
entire undigested residue of the food ? On these points little is 
known. On the other hand, the most offensive discharges often 
occur where little food is taken, and even where there has been 
starvation, as in the colliquative diarrhoea of exhausting dis- 
eases. Liebig also produced artificial faeces by acting on the 
albuminous and gelatinous compounds, — first with hydrate of 
potash, and then with sulphuric acid, which distilled, yields a 
liquid having the distinct and peculiar odour of human faeces. 
True faecal matter, therefore, according to him, is the product 
of the imperfect oxidation which a portion of the histogenetic 
constituents of the food undergo in the course of their retro- 
grade metamorphosis. That it is not putrefaction or decompo- 
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sition, seems also to be shewu by the circumstance that the 
odour is peculiar, and unlike that of putrefaction or fermenta- 
tion in azotised or non-azotised bodies. 

DefoecatUm. — The process by which the faeces are expelled is 
partly voluntary, partly excito-motory. The will is exercised 
upon the abdominal and sphincter muscles, whereby the former 
are contracted, and the latter relaxed. These movements are 
associated with others, — such as the closiire of the glottis, the 
fixation of the diaphragm, and the contraction of the rectum, 
causing a bearing down action, which is exerted in expelling 
the matters contained in the lower portion of the bowel. The 
mechanism of these combined movements, however, can only 
be understood by reference to what has subsequently to be 
described under the head of Excito-motory Actions (which 
see). 

Derangements in defaecation. — ^These are of various kinds, con- 
stituting constipation from various causes — diarrhcea, tenesmus^ 
dtfsentejyy lienteriay and an unnatural appearance of the faeces 
themselves. There may be a mechanical obstruction in the 
alimentary canal of various kinds. This may cause an inverted 
peristaltic action in the tube, and the faeces may be forced back 
into the stomach, and vomited. This is ilevjS, or the Uiac pas- 
sion* The obstruction may also arise from the impaction of 
calculi of various kinds. One of these, composed of aggregated 
portions of the caryopsis of the oat, is still common in horses, 
and used to prevail largely in Scotland, where oatmeal is con- 
sumed as food. The University of Edinburgh possesses the 
largest collection of these calculi extant, formed by the second 
Monro. Similar concretions are found in cattle, deer, goats, 
&c., formed of straw, or the hair licked from their skins.* 

General Eesults op the Excretory Process. 

The amount of excretory matters separated in the ways pre- 
viously described, may be estimated as follows : — Of carbonic 
acid there are given off about two pounds, or seven cubic feet, of 
which an ounce and a half may be separated by the skin. Of 
water there is about six pounds separated, one half by the urine 
and faeces, and the other half by the lungs and skin. The urine 

* See the Author's Clinical Medicine, 6th edition, p. 280, et teq. 
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contain^ ten times as much as the fsBces ; and the skin gives off 
twice as much as the lungs, or somewhat more. As it is calcu- 
lated that only five pounds of water pass into the body mixed 
with the food, the extra pound is supposed to be formed in the 
system by the imion of oxygen with the hydrogen of the tissues. 
Of urea, about 500 gi*ains are separated in the urine daily of an 
adult man, together with from seven to ten grains of uric acid. 
It is by these substances, which contain about fifty per cent, of 
nitrogen, that the azote which enters the body is almost alto- 
gether separated from it. The earthy salts pass out in minute 
quantity dissolved in the sweat, and are given off more largely 
by the urine, which contains daily four drachms and a half of 
chloride of sodium, four drachms of sulphate of soda and potash, 
two drachms of acid phosphate of soda, and about 15 grains 
of phosphate of lime and magnesia. In the faeces other four or 
six drachms of mineral matter may be passed daily, the chief 
portion of which is derived from the residue of the food. 
Besides the substances named, a certain quantity of fatty, 
colouring, extractive, and other matters are excreted, the 
amount of which has not been yet estimated. 

In this way, the albuminous, fatty, and mineral ingredients 
of the food, after having entered the body to form blood, and 
through it to build up tissue, are ultimately ejected from the 
economy, after having undergone a series of histogenetic and 
histolytic molecular changes, and been metamorphosed by 
chemical, mechanical, and vital agencies. The mode in which 
this is accompli£^ed is now tolerably well known. Doubtless 
several points have yet to be determined, and numerous details 
require investigation. But the great function of nutrition, as 
I have now placed it before you, may be said to be established 
in science. In the same manner that the chemist, following 
Dumas, recognises in nature at large the exchanges which are 
constantly going on between the mineral, the vegetable, and 
the animal worlds — the earth and air building up vegetables, 
these building up animals, and these on their decomposition 
being again restored to earth and air, — so does the physiologist 
in each animated creature trace the food through its changest 
until it is converted into tissue, has enjoyed life for a time, and 
is then decomposed, returning, though in an altered form, to 
the external world from whence it came. 

The molecular law of development, formerly described (see 
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pp. 54, 98), is singularly well illustrated bj the function of nntri> 
tion as now explained. Food consisting of well formed organic 
matter, animal and vegetable, is disintegrated by the primary 
digestion. The histolytic molecules so produced become histo- 
genetic ones, and build up the blood corpuscles. These are in 
turn disintegrated and dissolved to form the liquor aanguinUy 
but once more other molecules are obtained from it to keep up 
the growth of the tissues, whether nutritive or secretory. The 
histogenetic molecules so produced are again rendered histo- 
lytic by the secondary digestion, and, circulating in the blood, 
undergo various combinations before being excreted from the 
economy. In this manner the great function of nutrition is 
shewn to be essentiaUy molecular. 

Further, we cannot avoid observing that the process of nutri- 
tion is a continuous round, which, in the natural world, may be 
said to commence with the reception and terminate with the 
preparation of aliment, vegetable or animal, and that this is 
observable not only in the ''chemical balance of organic nature,'' 
80 beautifully described by Dumas, but in the incessant chemi- 
cal compositions and decompositions, as well as structural for- 
mations and disintegrations, which are peculiar to all vital 
entities. If so, it must be apparent that our knowledge of the 
animal economy, and of the diseases to which it is liable, can 
only be elucidated by investigating the nature of such chemical 
and structural changes, together with the necessary relations 
that each one bears to the others, and that it is on such kind of 
knowledge alone that medicine, as a scientific art, can ever re- 
pose in security. 
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The various modes in which nutrition becomes impaired 
can only be understood by knowing the different steps of 
the nutritive process. For ages medical men have been in the 
habit of considering the blood to be the primary source of 
numerous maladies, but our previous description of the pro- 
cess of nutrition must shew that the changes in this fluid, and 
the diseases which accompany them, are for the most part not 
primary, but secondary ; that is to say, they are dependent on 
previously existing circumstances, to the removal of which the 
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medical practitioner must look for the means of curing his 
patient. This will become apparent, not so much by analysing 
the individual disorders to which the various organs and tissues 
of the body are liable, as by determining the fundamental 
pathological processes which are common to aU parts of the 
frame. An enumeration and definition of these is all we can 
venture upon in this place. 

Classification of Diseases of NiUrition. 

Congestion, or excess of Hood in apart. — ^This is an over-disten- 
sion of the blood vessels, but more especially of the capillaries, 
with blood. It may be- caused by injury to the vaso-motor 
system of nerves (see Functions of the Sympathetic Nerves) ; by 
mechanical impediments which obstruct the return of venous 
blood, and by irritation of the textures. However produced, 
congestion may be temporary, and disappear without producing 
much disturbance, or, if long continued, it may give rise to one 
or more of the following conditions : — 

-^«?«r.-^Wheu congestion is caused or accompanied by general 
excitement of the nervous system, it produces fever, a morbid 
condition, characterised by hot skin, accelerated pulse, furred 
tongue, thirst, and headache, — phenomena usually preceded by 
a sensation of cold or rigor. If caused by some poison intro- 
duced through the blood, it is called priinary, the principal 
forms being intermittent, remittent, and contintted. If produced 
by injuries to texture, either directly from violence, or in- 
directly from reflex action, causing internal inflammations, it is 
denominated secondary/ or symptomatic. 

Dropsy, or effusion of serum. — ^When congestion is passive, or 
caused by mechanical obstruction to the flow of blood through 
the veins, serum transudes through the walls of the capillary 
vessels, and collects in various places, causing dropsy. If 
generally diffused, especially through the subcutaneous tissue, 
it is called anasarca ; if limited to the peritoneal cavity, ascites ; 
if local, cedema. 

Hcemorrhage or extravasation of Hood. — This may arise from 
direct injury to a blood vessel, from a wound, or from disease 
of its coats. Under such circumstances, it may be arterial or 
venous, the former distinguished by the blood being of a bright 
florid, and the latter by its being of a claret, colour. The capil- 
laries are frequently ruptured from over-distension with blood, 



278 ABNORMAL NUTRITION, 

which is capiUartf or congestive hsBmorrhage, causing dropsical 
effusions or inflammatory exudations to assume a sanguinolent 
character. 

Injlammationy or exudation of liquor sanguinis, — When con- 
gestion is active^ or arises from irritation of the textures, it may, 
if excessive, terminate in the exudation through its coats of 
the liquor sanguinis. This is inflammation ; an expression still 
used very vaguely by some pathologists, but which, thus de- 
fined, separates the morbid state accurately from congestion or 
fever on the one hand, and from dropsy, or the processes of 
growth, on the other. The exudation thrown out undergoes a. 
variety of changes, producing various morbid conditions, 
according as it lives or dies. 

Simple or injlamrruitory exudation, — ^This consists of the 
normal liquor sanguinis, which infiltrates the neighbouring 
tissues or collects in serous cavities. It then coagulates, and 
may undergo the following vital transformations : — 1st, Into 
cells and fibres, forming adhesive lymph, as on the surface of 
serous membranes ; 2d, Into pus cells, constituting suppura- 
tion, as in mucous surfaces or in areolar texture (Plate III. 
figs. 17, 18, and 19) ; 3d, Into granule cells, forming inflamma- 
tory softening (Fig. 22) ; and 4th, Into various elementary 
tissues, such as the fibrous, vascular, cartilaginous, bony, &c. 
In this manner the exudation may be (1.) absorbed, or undergo 
resolution; (2.) evacuated externally by discharge ; or (3.) as- 
similated to the body. It is the agent which forms abscesses^ 
causes the healiug of wounds, and the union of divided tendons, 
bones, &c. 

Tubercle or tubercular exudation, — When an exudation, instead 
of undergoing the vital changes just referred to, assumes a 
yellow or grayish aspect and cheesy consistence, it is called 
tuberde. It consists of solid irregularly-formed bodies, called 
tubercle corpuscles, more or less associated with molecules and 
granules (Plate III. figs. 24 and 25). If disseminated in small 
grains, it is called miliary / if in considerable patches or masses, 
it is infiltrated tubercle. When chronic, it may be encysted, or 
present the form of cretaceous or calcareous masses. 

Cancer, or cancerous exudation, — ^When an exudation, instead 
of undergoing the vital transformations previously described, 
passes into cells and fibres, the former increasing endogenously, 
it is called cancer (Plate III. fig. 23). If hard, and principally 
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formed of fibres from associated morbid growth, it is called 
scirrhtu; if soft, often yielding a milky juice on pressure, it is 
encephaloma ; if having a fibrous basis, this is so arranged as to 
form areolae or locidi, containing a gelatinous gum or glue-like 
matter ; then it is called colloid cancer. 

Mortification, or moist gangrene, — ^When the exudation is 
poured out rapidly in such quantity as to paralyse the nerves, 
obstruct the blood vessels, and prevent the return of circulation 
in them, it dies, and undergoes chemical putrefactive changes, and 
is said to be mortified, or to be affected with moist gangrene. It 
differs from dr^ gangrene, which is slow death of pre-existing 
texture from want of nourishment. Sometimes it is epidemic, 
from external or unknown causes, resembling the blight which 
affects vegetables. 

Ulceration. — When an exudation does not pass into the vital 
transformations formerly described, but presses upon the sur- 
rounding parts, obstructing the flow of blood in them, death of 
such parts takes place. Under these circumstances, the whole 
slowly disintegrates ; loss of texture is occasioned, with breach 
of continuity ; and an ulcer is formed. Ulceration may also be 
produced by the direct pressure of a foreign body, continued 
weight of depending parts, &c. 

Morbid growths of testure, — Increased growth of tissues may 
assume various forms : the organ or structure may be enlarged 
in whole or in part, still maintaining more or less of its original 
texture, shape, and function^ — constituting hypertrophy. Mem- 
branes may become pretematurally thickened, causing more or 
less induration, whereby the movements of parts may be af- 
fected ; or the calibres of tubes and ducts may be diminished, 
producing stricture. The vital transformations of an exudation 
into pus, granule, or other cells, must be regarded as a form of 
morbid growth, as well as the results of the healing process, 
which give rise to new tissues exactly resembling those previ- 
ously existing in other parts of the body, — as in cicatrices, 
callus, &c. Lastly, such growths may assume the form of 
tumottr, and may present the form of — 1st, Fibroma, or fibrous 
growths ; 2d, Lipoma, or fatty growths ; 3d, Angionxyma, or 
vascular growths; 4th, Cystoma, or cystic growths; 5th, Adenoma, 
or glandular growths ; 6th, Epithelioma, or epithelial growths ; 
7th, Enhondroma, or cartilaginous growths ; 8th, Osteoma, or 
osseous growths ; and 9th, Carcinoma, or cancerous growths. 
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Morbid degenerations of texture, — This also may assume vari- 
ous forms. The organ or structure may be diminished in whole 
or in part, constituting airophy, still, however, retaining its* 
normal shape and function ; or the structure of the parts them- 
selves may have undergone alterations, whereby their functions 
are impaired or destroyed. Such degenerations are of four 
kinds : — 1st, They may, in a variety of ways, become indurated 
and shrivelled up, or converted into a waxy or glue-like 
material, apparently from an excess of one or more of the 
albuminous or gelatinous compounds. This is alhumino'us de- 
generation, 2d, They become softer, from an accumulation of 
fatty granules, either within cells or among the minute elements 
of the texture. This is fatty degeneration, 3d, In the same 
manner, pigment of various kinds is deposited in or replaces the 
tissue, which may be red, yellow, brown, green, blue, purple, or 
black, owing to chemical changes ascribable to extravasated 
blood or bile, or to some peculiar secretion. This is pigmentary 
degeneration. Lastly, the tissues may become infiltrated wiUi 
mineral matter of various kinds, but generally with salts of 
lime in solution, which subsequently becoming solidified, im* 
pede or destroy function. Such is mineral degeneration. 

Concretions, — These are non-organised and non-vascular pro- 
ductions, formed by the mechanical deposition and aggregation 
of various kinds of matter, generally in the ducts or cavities of 
the ho low viscera. They may be composed of albuminous, 
fatty, pigmentary, or mineral substances, but are separable 
from degenerations from their never being formed out of an 
organic structure. Urinary concretions, or calculi, are composed 
of the salts which are too predominant in the urine, and which 
have been precipitated round a central body or nucleus, formed 
within or introduced from without. Biliary concretions are 
formed of inspissated bile or of cholesterine. The former are 
black or mingled with more or less colouring matter of the bile ; 
the latter are white. Intestinal concretions are usually composed 
of hair or vegetable fibres, which have been swallowed and 
accumulated also round a central nucleus. Mineral concretions, 
composed of carbonates and phosphates of lime, are common in 
the mucous passages of various organs, especially the salivary, 
pulmonary, pancreatic, hepatic, and renal. They also occur in 
the veins, when they are called phlebolites. Occasionally they 
resemble starch grains, and are called amyloid; and not un- 
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frequently concretions are found really composed of aggregated 
or isolated starch corpuscles, which may be called amylaceoiis. 

Parasitic growths. — These are of two kinds, vegetable and 
animal. The vegetable parasitic growths may be divided into 
such as grow on the surface {Epiphyta), or those that have been 
formed in the interior of the body, chiefly on the mucous 
surfaces {Entophyta). The animal parasites may also be divided 
into such as infest the sui*face {Epizoa), and such as are found 
in the interior of the body {Entozod), To the former belong 
the several species of PediculuSy or louse ; the Acarua Scdbiei, 
or itch-insect ; the Entozoon foUtculonimy which inhabits the 
follicles of the skin ; and the Pvlex penetrans, or guinea- 
worm. The Entozoa are numerous, and may be divided 
into^lst. Cystica, or saccular worms ; 2d, Cestoidea, or chain- 
worms ; 3d, Trematoday or flat worms ; and 4th, Nematoda, or 
thread-worms. 

Such is an enumeration and definition of the organic diseases 
of textures and organs. What are called functional disorders 
of the same parts, are such as leave no traces of their existence 
after death, and are for the most part simple excess or diminu- 
tion of normal actions. It is only when these last lead to 
congestions and exudations, terminating in fever or vital trans- 
formations, and chemical changes producing degenerations, that 
a true structural lesion can be said to exist. The causes of 
these organic alterations of texture are to be sought — 1st, In 
increased or diminished stimidation acting directly on the 
tissues themselves ; 2d, In increased or diminished excitability 
of the nervous system operating upon them indirectly ; 3d, In 
an altered condition of the blood ; and 4th, In chemical trans- 
formations of texture. These may act separately or combined, 
and one may occasion the other.* 

* The autiior's views and investigations on all these topics will be found in his 
work on Clinical Medicine, 6th edit. 1868, illustrated by numerous figures. To 
this, as well as to the article Phthisis in Reynold's " System of Medicine,'* he must 
refer for more extended information. 
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INNEKVATTON. 

The function of innervation, like that of nntrition, consists in 
the performance of various actions, widely different from each 
other, although associated together. These actions lead to the 
manifestation of intelligence, sensation, and combined motion, 
and are dependent on the vitality of complex organs — ^viz. the 
brain, spinal cord, and nerves. 

Structural Arrangement of the Nervous System. 

To the eye, the nervous system appears to be composed of 
two structures — the gray or ganglionic, and tne white or tubu- 
lar. The gray matter, when examined under high powers, may 
be seen to be much more vascular than the white, composed 
essentially of molecular matter, in which are imbe<lded nuclei 
and nucleated cells, varying in size and shape, connected toge- 
ther by a 'greater or less number of nerve-tubes, also Tarying 
in calibre. The white matter is essentially tubular. (See p. 94.) 
There are also bundles of gelatinous or fiat fibres, the nature of 
which is much disputed, very common in the olfactory nerve 
and sympathetic system of nerves. There can be no doubt 
that some nerve-tubes run into the ganglionic corpuscles, whilst 
others originate from them. It is also now rendered certain 
that the same ganglionic ceU may receive and give off nerve- 
tubes, each having distinct properties, — the one of conveying 
the influence of impressions to, and the other of conveying 
influences from, the nervous centres. (See pp. 65, 94.) 

By c«re6rMm, or brain proper, ought to be understood that 
part of the encephalou constituting the cerebral lobes, situated 
above and outside the corpus callosum ; by the spinal cord, all 
the parts situated below this great commissure consisting of 
corpora striata, optic thalami, corpora quadrigemina, cerehtUum, 
pons Varolii, medulla oblongata, and medulla spinalis. In this 
way we have a cranial and a vertebral portion of the spinal cord. 

In the cerebrum, or brain proper, the gray or ganglionic 
structure is external to the white or tubular. It presents on 
the surface numerous anfractuosities, whereby a large quan- 
tity of matter is capable of being contained in a small space. 
This crumpled-up sheet of gray substance has been appropriately 
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called the hemispherical ganglion (Solly). In the cranial por- 
tion of the spinal cord, the gray matter exists in masses, consti- 
tuting a chain of ganglia at the base of the encephalon, more or 
less connected with each other, as well as with the white matter 
of the brain proper above, and the vertebral portion of the cord 
below. In this last part of the nervous system, the gray 
matter is internal to the white, and on a transverse section 
presents the form of the letter X, having two posterior and 
two anterior comua, — ^an arrangement which allows the white 
substance to be distributed in the form of nerves to all parts 
of the frame. 

The white tubular structure of the vertebral portion of the cord 
is divided by the anterior and posterior horns of gray matter, 
together with the anterior and posterior sulci, into three divi- 
sions or columns on each side. On tracing these upwards into 
the medvUa oblongata, the anterior and middle oues may be 
seen to decussate only at that place with each other, whilst the 
posterior columns decussate through the whole extent of the 
cord. (See Plate XV. fig. 11, and Plate XVI. figs. 1 and 2.) 
On tracing the columns upwards into the cerebral lobes, we 
observe that the anterior or pyramidal tracts send off a bundle 
of tubes, which passes below the olivary body, and is lost in the 
cerebellum {Ardform band of SoUy). The principal portion of 
the tract passes through the corpus striatum, and anterior por- 
tion of the optic thalamus, and is ultimately lost in the white 
substance of the cerebral hemispheres. The middle colunm or 
olivary tract, may be traced through the substance of the optic 
thxUamus and corpora quadrigemina, to be in like manner lost in 
the cerebral hemispheres. The posterior column, or restifomi 
tract, passes almost entirely to the cerebellum. 

In addition to the diverging tubules in the cerebral hemi- 
spheres which may be traced from below upwards, connecting 
the hemispherical ganglion with the structures below, the brain 
proper also possesses bands of transverse tubules, constituting 
the commissures connecting the two hemispheres of the brain 
together, as well as longitudinal ones connecting the anterior 
with the posterior lobes. In the spinal cord it results, from the 
investigations of Lockhart Clarke, that there is a communica- 
tion between the various bundles of tubes throughout its whole 
extent — 1st, Between the anterior and posterior spinal roots ; 
2d, Between the two lateral colunms of gray matter ; 3d, 



2S4 THE NER VO US S YSTEM, 

Between these and the brain above ; and 4th, Between these and 
the nerves below. (See Plate XVI. figs. 1 and 2.) It is now 
also determined that many of the tubes in the nerves may 
be traced directly into the gray substance of the cord, and 
terminate there — a fact orginally stated by Grainger, but 
confirmed by Budge and K9lliker. 

These observations, indeed, demonstrate that the numerous 
actions hitherto called rtflex are truly direct, and are carried 
on by a series of nervous tubules running in different direc- 
tions. There can be no doubt that they pass and operate 
through the cord ; and hence the term diastaliic proposed 
by Marshall Hall instead of reflex, is in every way more 
appropriate. 

General Functions of the Nervous System. 

The great difference in structure existing between the gray 
and white matter of the nervous system would, djt>non, lead to 
the supposition that they performed separate functions. The 
theory at present entertained on this point is, that while the 
gray matter eliminates or evolves nervous force or energy, the 
white matter conducts to and from this ganglionic structure 
the influences which are sent or originate there. Not that the 
white matter is wholly without power of originating influences, 
because irritating the trunks, and especially the extremities of 
nerves, not only causes the transmission, but excites the influ- 
ence which is transmitted. But that the function of the white 
matter is essentially that of conductimty. 

The brain proper furnishes the conditions necessary for the 
manifestation of the intellectual faculties properly so-called, of 
the emotions and passions, of volition, and is essential to sensa- 
tion. That the evolution of the power especially connected 
with mind is dependent on the hemispherical ganglion, is 
rendered probable by the following facts : — 1. In the animal 
kingdom generally, a correspondence is observed between the 
quantity of gray matter, depth of convolutions, and the sagacity 
of the animal. 2. At birth, the gray matter of the cerebrum 
is very defective ; so much so, indeed, that the convolutions are, 
as it were, in the first stage of their formation, being only 
marked out by superficial fissures almost confined to the surfsu^e 
of the brain. As the cineritious substance increases, the intel- 
ligence becomes developed. 3. The results of experiments by 
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FloureDS, Eolando, Hertwig, and others have shewn that, on 
slicing away the brain, the animal becomes more dull and 
stupid in proportion to the quantity of cortical substance 
removed. 4. Clinical observation points out, that in those cases 
in which the disease has been afterwards found to commence 
at the circumference of the brain, and proceed towards the 
centre, the mental faculties are affected ^«^ ; whereas in those 
diseases which commence at the central parts of the organ, and 
proceed toward the circumference, they are affected last. 

The white tubular matter of the brain proper serves, by 
means of the diverging fibres, to conduct the influences originat- 
ing in the hemispherical ganglion to the nerves of the head and 
trunk, whilst they also conduct the influence of impressions 
made on the trunk, in an inverse manner, up to the cerebral 
convolutions. The other transverse and longitudinal fibres 
which connect together the two hemispheres, and various parts 
of the hemispherical ganglion, are probably subservient to 
that combination of the mental faculties which characterises 
thought. 

The spinal cord, both in its cranial and vertebral portions, 
furnishes the conditions necessary for combined movements*; 
and that the nervous power necessary for this purpose depends 
upon the gray matter, is rendered probable by the following 
facts : — 1st, Its universal connection with all motor nerves. 
2d, Its increased quantity in those portions of the spinal cord 
from whence issue large nervous trunks. 3d, Its collection in 
masses at the origin of such nerves in the lower animals as 
furnish peculiar organs requiring a large quantity of nervous 
power, as in the Triglia volitansy Baia torpedo, SUwras, &c. 
4th, Clinical observation points out that, in cases where the 
central portion of the cord is affected preyious to the external 
portion, an individual retains the sensibility of, and power of 
moving, the limbs, but wants the power to stand, walk, or keep 
himself erect, especially when the eyes are shut ; whereas, when 
diseases commence in the meninges of the cord, or externally, 
pain, twitchings, spasms, numbness, or paralysis, are the first 
symptoms present, dependent on lesion of the white conducting 
matter. 

The white matter of the cord acts as a conductor, in the same 
manner that it does in the brain proper ; and there can be no 
doubt that the influence arising from impressions is carried 
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not only aloDg the fibivsy formerlj noticedy which connect the 
brain and two porti<»s o£ the spinal oord together, bot along 
those more recently discovered, which decussate or anastomose 
in the cord itself (Brown S^qoard), and are connected with the 
ganglionic cells of the gray matter. 

The nerots of tiie body consist, for the most part, of nerve- 
tubes ranning in parallel lines. Tet some contain ganglionic 
corpuscles^ as the olfactory and the ultimate expansion of the 
optic and auditory nerves ; whilst the sympathetic nerve con- 
tains in various places not only ganglia, but gelatinous flat 
fibre& The posterior roots of the spinal nerves possess a gan- 
glion, the function of which is quite unknown. These roots are 
connected with the posterior horn of gray matter in the cord, 
while the anterior roots are connected with the anterior homsw 
As regards function, the nerves may be considered as — 1st, 
Nerves of special sensation, such as the olfactory, optic, audi- 
tory, part of the glosso-pharyngeal and lingual branch of the 
fifth. 2d, Nerves of common sensation, such as the greater 
portion of the fifth, and part of the glosso-pharyngeal. 3d, 
Nerves of motion, such as the third, fourth, lesser division of 
the fifth, sixth, facial, or portio dura of the seventh, and the 
hypo-glossaL 4th, Senso-motory or mixed nerves, such as the 
pneumo-gastric, third division of the fifth, and the spinal 
nerves. 5th, Sympathetic nerves, including the numerous 
ganglionic nerves of the head, thorax, and abdomen. These 
govern the excito-motory, excito-nutrient, excito-secretory, and 
vaso-motor acts of the internal viscera and organs of sense. 

It is very probable that some nerves may have other proper- 
ties than those now referred to, which may be peculiar to par- 
ticular tubules. Thus Brown S^uard considers the influences 
arising from tickling, temperature, and pain to be in their 
character distinctive, and to be conveyed by peculiar nerve- 
tubes. 

Sensibility, — ^All nerves are endowed with a peculiar vital 
property called sensibilityy inherent in their structure, by virtue 
of which they may be excited on the application of appropriate 
stimuli, so as to transmit the influence of the impressions they 
receive to or from the brain, spinal cord, or certain ganglia, that 
may be considered as nervous centres. (See p. 179.) The nerves 
of special sensation convey to their nervous centres the influence 
of impressions caused by odoriferous bodies, by light, sound, 
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and by sapid substances. The nerves of common sensation 
convey to their nervous centres the influence of impressions 
caused by mechanical or chemical substances. The nerves of 
motion carry yrowi the nervous centres the influence of impres- 
sions, whether psychical or physical (Todd). The mixed nerves 
carry the influence of stimuli both to and from, combining 
in themselves sensory and motor filaments. Although the 
sympathetic nerves also undoubtedly carry, the influences of 
impressions, the direction of these cannot be ascertained, from 
their numerous anastomoses, as well as from the ganglia 
scattered over them, all of which act as minute nervous centres. 
But there are cases where certain psychical stimuli (as the 
emotions) act on organs through these nerves, and where cer- 
tain diseases (as colic, gallstones, &c.) excite through them 
sensations of pain. 

Rapidity of the nerve CMrrew^.^This problem has engaged the 
attention of physiologists for one hundred and fifty years, but 
has only recently been solved, through the labours of Helmholz, 
who, by applying the principle of Pouillet's chronoscope, ulti- 
mately constructed a myographioii, by which we are enabled to 
measure the velocity of the nerve current. (See Plate XX. 
fig. 1.) Instead of being inconceivably swift, as MUUer sup- 
posed, it now admits of demonstration to be in the frog from 
26 to 30 yards in a second. (See Practical Physiology.) This, 
when compared with the rapidity with which electricity 
(464,000,000 yards), light (300,000,000), sound (3,485), or even 
a cannon ball (552 yards in a second) travels, is comparatively 
trifling. It is diminished by a low temperature (Helmholz), 
and by the electrotonic state (Yon Bezold), and is increased in 
the motor nerves as the nerve approaches the muscle (Munk). 
A modification of the apparatus has enabled Schelske and 
Jaager to determine the time required for sensation and a 
subsequent act of volition. In one set of experiments, a person 
on receiving a slight electrical shock on the right side, immedi- 
ately moved a spring key with his right hand, and on receiving 
a shock on the left side, moved another key with his left hand ; 
and he knew beforehand on which side he was going to be 
stimulated, and therefore would have to answer. In another 
set of experiments, the side was not known beforehand, and the 
person, after having received the shock, had first to consider 
which side had been struck, and with which hand accordingly 
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he had to act. The mean time occupied in the first case was 
equal to '205 sec. in the second to '272 sec. So that the differ- 
ence of '067 was obviously the time spent in the operation of 
the brain, required in the second, and not required in the first 
case. Hirsh determined that the difference in answering by the 
volition signal from sensations given through the eye was equal 
to '077 of a second, and through the ear '149 of a second. " It 
thus appears that * quick as thought ' is, after all, not so very 
quick."* 

SeTiaaiion may be defined to be the conadotianess of an impres- 
sion; and that it may take place, it is necessary, — 1st, That a 
stimulus should be applied to a sensitive nerve, which produces 
an impression ; 2d, That, in consequence of this impression, a 
something should be generated we designate an influence, which 
influence is conducted along the nerve to the hemispherical 
ganglion ; 3d, On arriving there, it calls into action that faculty 
of the mind called consciousness or perception, and sensation is 
the result. It follows that sensation may be lost by any 
circumstance which destroys the sensibility of the nerve to 
impressions ; which impedes the process of conducting the 
influence generated by these impressions ; or, lastly, which 
renders the mind unconscious of them. Illustrations of how 
sensation may be affected in all these ways must be familiar 
to every one, from circumstances influencing the ultimate 
extremity of a nerve, as on exposing the foot to cold ; from 
injury to the spinal cord, by which the communication with 
the brain is cut off ; or from the mind being inattentive, 
excited, or suspended. 

The independent endowment of nerves is remarkably well 
illustrated by the fact, that whatever be the stimulus which 
calls their sensibility into action, the same result is occasioned. 
Mechanical, chemical, galvanic, or other physical stimuli, when 
applied to the course or to the extremities of a nerve, cause the 
very same results as may originate from suggestive ideas, per- 
verted imagination, or other psychical stimuli. Thus^ chemical 
irritant, galvanism, or pricking and pinching a nerve of motion, 
will cause convulsion or spasms of the muscles to which it is 
distributed. The same stimuli applied to a nerve of common 
sensation will cause pain, to the optic nerve flashes of light, to 

* Sir Du Bois Reymond's Lecture at the Royal Institution of Great Britain^ 
April 13. 1866. 
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the auditory nerve ringing sounds, and to the tip of the tongue 
peculiar tastes. Again, we have had abundant opportunities 
of witnessing the fact, that suggestive ideas, or stimuli origin- 
ating in the mind, induce similar effects on the muscles, give 
rise to pain or insensibility, and cause perversion of all the 
special senses. (See " Mono-ideism.") 

Motion is accomplished through the agency of muscles, which 
are endowed with a peculiar vital property called contractility 
(see p. 177), in the same way that nerve is endowed with the 
property of sensibility. Contractility may be called into action 
altogether independent of the nerves (Haller), but may also be 
excited by physical or psy(?hical stimuli, operating through the 
nerves. Physical stimuli (as pricking, pinching, galvanism, &c.), 
applied to the extremities or course of a nerve, may cause con- 
vidsions of the parts to which the motor filaments are distri- 
buted directly, or they may induce combined movements in 
other parts of the body diastalticaUy (Marshall Hall),— that is, 
through the spinal cord. In this latter case the following series 
of actions take place : — 1st, The influence of the impression is 
conducted to the spinal cord by the afferent or esodic filaments 
which enter the gray matter. 2d, A motor influence is trans- 
mitted outwards by one or more efferent or exodic nerves. 3d, 
This stimulates the contractility of the muscles to which the 
latter are distributed, and motion is the result. Lastly, Con- 
tractility may be called into action hy psychical stimuli or mental 
acts, — such as by the will and by certain emotions. Integrity 
of the muscular structure alone is necessary for contractile 
movements ; but there must be also integrity of the spinal cord, 
for diastaltic or reflex movements ; and of the brain proper, for 
voluntary or emotional movements. 

Thus, then, we may consider that the brain acting alone fur- 
nishes the conditions necessary for intelligence ; that the spinal 
cord furnishes the conditions essential for the co-operative 
movements necessary to the vital functions ; and that the brain, 
spinal cord, and nerves, acting together, furnish the conditions 
necessary for voluntary motion, and for sensation. 

1»AW8 REGULATING MoRBID ACTIONS OF THE NeRVOUS SySTEM. 

1. The pectdiarity of the cranial circulation, previously de- 
scribed (p. 220), shews how general or local congestions may 
occasion the most violent effects, without giving rise to struc- 
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tural lesion, or increasing the amount of fluid within the cran- 
ium. Thus all the symptoms of apoplexy followed by death 
may take place, and on post-mortem examination no change in 
the brain or its membranes be found. Such cases were called 
by Abercrombie, simple apoplexy, A young person receives 
distressing intelligence, and faints — that is, loses consciousness, 
sensation, and volition. This depends on weakness of the heart, 
causing venous cerebral congestion. The most violent convul- 
sions and passions, associated or not with disorder of the mental 
functions, such as epilepsy, hydrophobia, tetanus, &c., leave no 
trace of their existence, and are often attributable to con- 
gestions, which, by increasing blood pressure in some parts 
of the cerebrum, and diminishing it in others, offers the only 
explanation of such phenomena. 

2. AU the functions of the nervous system may he increased^ 
perverted, or destroyed, according to the degree of stimulus or dis- 
ease operating on its various parts, — Thus, as a general rule, it 
may be said that a slight stimulus produces increased or per- 
verted action ; whilst the same stimulus, long continued or 
much augmented, causes loss of function. All the various 
stimuli, whether mechanical, chemical, electrical, or psychical, 
produce the same effects, and in different degrees. Circumstances 
influencing the heart's action, stimulating drinks or food, act 
in a like manner. Thus, if we take the effects of alcoholic 
drink for the purpose of illustration, we observe that, as regards 
combined movements, a slight amount causes increased vigour 
and activity in the muscular system. As the stimulus aug- 
ments in intensity, we see irregular movements occasioned, 
staggering, and loss of control over the limbs. Lastly, when 
the stimulus is excessive, there is complete inability to move ; 
and the power of doing so is temporarily annihilated. With 
regard to sensibility and sensation, we observe cephalagia, ting- 
ling, and heat of skin, tinnitus aurium, confusion of vision, 
musccB vditantes, double sight, and lastly, complete insensibiUty 
and coma. As regards intelligence, we observe at first rapid 
flow of ideas, then confusion of mind, delirium, and, lastly, 
sopor and perfect unconsciousness. In the same manner, 
pressure, mechanical irritation, and the various organic dis- 
eases, produce augmented, perverted, or diminished function, 
according to the intensity of the stimulus applied, or amount of 
structure destroyed. 
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Then it has iffeen shewn that excess or diminution of stimu- 
lus, too much or too little blood, very violent or very weak 
cardiac contractions, and plethora or extreme exhaustion, will, 
so far as the nervous functions are concerned, produce similar 
alterations of motion, sensation, and intelligence. Excessive 
haemorrhage causes muscular weakness, convulsions, and loss of 
motor power, perversions of all the sensations, and, lastly, un- 
consciousness from syncope. Hence the general strength of the 
frame cannot be judged of by the nervous symptoms, although 
the treatment of these will be altogether different, according as 
the individual is robust or weak, has a full or small pulse, &c. 
These similar effects on the nervous centres, from apparently 
such opposite exciting causes, can only be explained by the 
peculiarity of the circulation previously noticed. A change of 
circulation within the cranium takes place, and whether arte- 
rial or venous congestion occurs, pressure on some portion of 
the organ is equally the result. The importance of paying 
attention to this point in the treatment must be obvious. 

3. The seat of the disease in the nervous system influences the 
nature of the phenomena or symptoms produced. — As a general 
rule, it may be stated, that disease or injury of one side of the 
encephalon especially influences the opposite side of the body. 
It is said that some very striking exceptions have occurred to 
this rule ; but these, at any rate, are remarkably rare. Be- 
sides, it is probable that, inasmuch as extensive organic disease, 
if occurring slowly, may exist without producing symptoms ; 
whilst it is certain most important symptoms may be occa- 
sioned without organic disease, even these few exceptional cases 
are really not opposed to the general law. Then, as a general 
rule, it may be said that diseases of the brain proper are more 
especially conuected with perversion and alteration of the in- 
telligence ; whilst diseases of the cranial portion of the spinal 
cord and base of the cranium are more particularly evinced by 
alterations of sensation and motion. In the vertebral portion 
of the cord, the intensity of pain and of spasm, or want of con- 
ducting power, necessary to sensation and voluntary motion, ' 
indicates the amount to which the motor and sensitive fibres ^ 
are affected. Further than this we can scarcely generalise with i 
prudence. ^ 

The fatality of lesions affecting various parts of the nervous 
centres varies greatly. Thus the hemispheres may be exten- 
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sivelj diseased, often without injury to life, or even permanent 
alteration of function. Conyulaions and paralysis are the com- 
mon results of disease of the ganglia in the cramal portion of 
the cord. The same results from lesion of the pofM Varolii, But 
if the medulla oblongata, where the eighth pair originates, be 
affected, or injury to this centre itself occur, it is almost always 
immediately fatal 

4. The rapidity or downess with which the lesion occurs inflw- 
ences the phenomena or sympUmis produced, — It may be said, as 
a general rule, that a small lesion — for instance, a small hasmor- 
rhagic extravasation — occurring suddenly, and with force, pro- 
duces, even in the same situation, more violent effects than a 
very extensive organic disease which comes on slowly. This, 
however, will depend much upon the seat of the lesion. Very 
extraordinary cases are on record where large portions of the 
nervous centres have been much disorganised without pro- 
ducing anything like such violent symptoms as have been 
occasioned at other times by a small extravasation in the same 
place. Here, again, the nature of the circulation within the 
cranium offers the only explanation, for the encephalon must 
undergo a certain amount of pressure, if no time be allowed for 
it to adapt itself to a foreign body ; whereas any lesion coming 
on slowly, enables the amount of blood in the vessels to be 
diminished according to . circumstances, whereby pressure is 
avoided. 

5. The various lesions and injwries of the nervotu si/stem pro- 
duce phenomena similar in kind, — The injuries which may be in- 
flicted on the nervous system, as well as the morbid appearances 
discovered after death, are various. For instance, there may 
be an extravasation of blood, exudation of lymph, a softening, 
a cancerous tumour, or tubercular deposit, and yet they give 
rise to the same nervous phenomena, and are modified only by 
the circumstances formerly mentioned, of degree, seat, sudden- 
ness, &c. Certain nervous phenomena also are of a paroxysmal 
character, whilst the lesions supposed to contain them are 
stationary or slowly increasing. It follows that the effects can- 
not be ascribed to the nature of the lesions, but to something 
which they all have in common ; and this apparently may con- 
sist of^— 1st, Pressure, with or without organic change ; 2d, 
More or less destruction or disorganisation of nervous texture. 
Further, when we consider that the same nervous symptoms 
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arise from irregularities in the circulation ; from increased as 
well as diminished action ; sometimes when no appreciable 
change is found, as well as when disorganisation has occurred ; 
the theory of local congestion to explain functional alterations 
of the nervous centres seems the most consistent with known 
facts. That such local congestions do frequently occur during 
life without leaving traces detectable after death, is certain ; 
whilst the occurrence of molecular changes, or other hypothe- 
tical conditions which have been supposed to exist, have never 
yet been shewn to take place under any circumstances. 

The following aphorisms will be found useful in endeavour- 
ing to reason correctly on the functions of the nervous system : 

1. The brain proper is that portion of the encephalon situated 
above and to the outside of the corpus callosum, 

2. The spinal cord is divided into a cranial and vertebral 
portion. 

3. The gray matter evolves, and the white conducts, nervous 
power. 

4. Contractility is the property peculiar to fibrous texture, 
whereby it is capable of shortening its fibres. Motion is of 
three kinds — contractile^ dependent on muscle ; diastaltic, de- 
pendent on muscle, nerve, and spinal cord ; voluntary^ depend- 
ent on muscle, nerve, spinal cord, and brain. 

5. Sensibility is the property peculiar to nervous texture, 
whereby it is capable of receiving impressions aud of trans- 
mitting the influences they produce. Sensation is the conscious- 
ness of such impressions. 

Special Functions of the Nervous System. 

On proceeding to determine more closely what are the special 
functions of the iudividual parts of the nervous system, we 
should never forget that the various ways in which they have 
been investigated have led to opposing results, and that such 
is the excessive difiiculty of the inquiry, that we should be espe- 
cially on our guard against specious hypotheses and unfounded 
theories. Anatomy, human and comparative — and more espe- 
cially histology — ^have furnished us with many valuable facts ; 
but it is not easy to determine what are the nervous ganglia or 
other parts in the lower animals which correspond with what 
exists in man ; whilst erroneous interpretations as to the habits 
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and motions of these creatores are too readily formed. Again, 
in making experiments on animals, it is often impossible to 
ascertain how far the shock of the operation, the flow of "blood, 
or the destruction of other parts may Titiate the results. 
LasUy, an observation of the ^ects of disease often leaves us 
in doubt how far the organic mischief extends, and what phe- 
nomena may be rightly attributed to it, and what to the con- 
gestion of the blood vessels which accompany itb This last, 
however, is by far the most important means of research open 
to us ; and if to the result of pathological observation, a similar 
one is obtained from well-performed experiments, our views 
derived from either will be confirmed. If to this, histology 
reveals connections in structure that will warrant and bear out 
such conclusions, we may consider that every proof is given 
which conviction requires. It should be remembered, therefore, 
that such is the fallacy inherent in each individual method of 
research that little dependence can be placed upon it, and that 
at least two of these must be united to give probability to any 
given theory. The results of these four different methods of in- 
vestigation must be known in order to draw correct conclusions. 

Cbrebruu. 

Histological resulU. — On carefully examining a thin vertical 
section of the cerebral lobes prepared after the manner of Lock- 
hart Clarke, and steeped in carmine, the white substance in the 
adult may be seen to be composed wholly of nerve tubes. These 
become more and more minute as they reach the gray matter of 
the convolutions, and are gradually lost in it. The layer of gray 
matter consists of a finely molecular substance, in which are 
imbedded minute nerve cells, varying in shape and size as they 
are traced from the circumference inwards. Externally, the 
cells are small, and associated with granules and naked nudeL 
Internally, they are larger, circular, oval, and especially of a 
triangular form, sending off processes continuous with the nerve 
tubes. (See Plate XV. fig. 1.) 

^Experimental results. — The experiments of Flourens, Hertwig, 
Longet, and others, have shewn that on removing the cerebral 
lobes from birds, the mental faculties, including, of course, con- 
sciousness and volition, and therefore sensation and voluntary 
motion, are abolished, while the creature can stand when put 
on its legs, fly when thrown into the air, and walk when pushed. 
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Hertwig has kept pigeons in this condition for three months, 
deglutition and all other reflex acts being perfect, the mental 
faculties only absent. Longet and Dalton have recently main- 
tained that sensation may exist without the cerebral lobes. 
The former says, when the cerebrum was removed from a 
pigeon, and a light suddenly brought near its eyes, there was 
contraction of the pupil, and even winking. Further, when a 
rotatory motion was given to the candle at such a distance that 
no heat could operate, the pigeon made a similar movement 
with its head. But of these facts I would observe that the 
pupil will contract on the application of light when the eye has 
been cut out of the head, and a sunflower follows the course of 
the sun. It cannot, therefore, be said that under such circum- 
stances the eye and the flower possess sensation or can see. 

Dalton's description of what occurs after removal of the cere- 
brum is as follows : — " The effect of this mutilation is simply to 
plunge the animal into a state of profound stupor, in which he 
is almost entirely inattentive to surrounding objects. The bird 
remains sitting motionless upon his perch or standing upon the 
ground, with the eyes closed and the head sunk between the 
shoulders. (See Plate XV. fig. 3.) The plumage is smooth and 
glossy, but is uniformly expanded by a kind of erection of the 
feathers, so that the body appears somewhat puffed out, and 
larger than natural. Occasionally the bird opens its eyes with 
a vacant stare, stretches its neck, perhaps shakes its bill once or 
twice, or smooths down the feathers upon its shoulders, and 
then relapses into its former apathetic condition. This state of 
immobility, however, is not accompanied by the loss of sight, of 
hearing, or of ordinary sensibility. All these functions remain, 
as well as that of voluntary motion. If a pistol be discharged 
behind the back of the animal, he at once opens his eyes, moves 
his head half round, and gives evident signs of having heard the 
report ; but he immediately becomes quiet again, and pays no 
further attention to it. Sight is also retained, since the bird 
will sometimes fix its eye on a particular object, and watch it 
for several seconds together. Ordinary sensation also remains 
after removal of the hemispheres, together with voluntary mo- 
tion. K the foot be pinched with a pair of forceps, the bird 
becomes partially aroused, moves uneasily once or twice from 
side to side, and is evidently annoyed at the irritation." 

From these observed facts, which are strictly accurate, Dal- 
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ton concludes that '^ the animal is still capable, after removal of 
the hemispheres, of receiving sensations from external objects. 
But these sensations appear to make upon him no lasting im- 
pression. He is incapable of connecting with his perceptions 
any distinct succession of his ideas. He hears, for example, the 
report of a pistol, but he is not alarmed by it ; for the sound, 
though distinctly enough perceived, does not suggest any idea 
of danger or injury. There is accordingly no power of forming 
mental associations, nor of perceiving the relation between ex- 
ternal objects. The memory, more particularly, is altogether 
destroyed, and the recollection of sensations is not retained from 
one moment to another. The limbs and muscles are still under 
the control of the will, but the will itself is inactive, because 
apparently it lacks its usual mental stimulus and direction.^ 

I think the facts may be interpreted diiferently and more 
correctly. The turning round of the animal's head on the ex- 
plosion of a pistol, and many other movements, may be alto- 
gether reflex, dependent on irritations communicated to the 
cranial portion of the spinal cord through the tympanum. 
Again, that the pigeon should open its eyes with a vacant stare, 
or apparently fix them on an object, is no proof of sight. We 
constantly do these things ourselves with the brain entire, and 
see nothing. Lastly, that the limbs and muscles are under the 
control of the will, while the will is inactive, appears to be con- 
tradictory language. One of the most active operations of the 
will is to direct motion ; and to say of a bird which flies away 
on the production of the slightest noise in health, but does not 
move on the discharge of a pistol, that in the latter case its 
limbs and muscles are still under the control of the will, appears 
to be a most unfounded conclusion. The truth evidently is, that 
there is no will, no sensation in such a case, any more than there 
is in a sensitive plant, which shrinks on being touched, but 
which surely cannot be said to exercise either the one mental 
faculty or the other. 

Pathological results, — The general results of pathological and 
clinical observation confirm those obtained by experiment. 
Thus disease of the membranes, especially meningitis over the 
hemispheres, occasion delirium, which passes into coma. If it 
be limited to the base or medulla oblongata, it causes convulsions 
and paralysis. Or lesions of motion. 

Many remarkable cases of injury the human brain has sua- 
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tained have been published, which shew that the hemispheres 
are in themselves insensible. If imiversally diseased, the 
result has been, as in the lower animals, complete loss of mind, 
volition, and sensation. The same occurs if general pressure is 
applied, as in cases of fracture of the craDium with depression 
of bone. Many examples, however, are known where partial 
destruction of, or pressure on, the cerebral lobes has not perma- 
nently injured the intelligence. Thus, 1. A gun exploded in 
the hands of a man, set. 22, and a piece of iron entered the 
frontal bone, and destroyed a considerable portion of both aD- 
terior and cerebral lobes. From this injury he recovered with- 
out any perceptible injury of mind.* 2. A boy, »t. 11, ^vaa 
kicked by a horse, so as to occasion fracture of the o« frontU, 
and pultaceous softening of both anterior lobes, as was proved 
by post-mortem examination. He lived forty-three days after 
the accident, and was perfectly intelligent up to one hour of his 
death.-j* 3. An artist had spectral illusions and blindness for 
years, but was quite intelligent till he was seized with apoplexy, 
of which he died. Both anterior lobes of the brain were de- 
stroyed by a mass of hydatid cysts. J 4. A wig maker, set. 60, 
was very loquacious, but otherwise perfectly intelligent, and 
died suddenly in the Charity Hospital of Paris. On post-mor- 
tem examination, both anterior lobes of the brain were the seat 
of a schirrous tumour. § 

Thus partial destruction of a considerable portion of the cere- 
bral lobes does not necessarily destroy intelligence, nor does 
partial destruction of the white matter necessarily interfere 
with its conducting properties. Then there are many cases of 
large chronic abscesses or of pultaceous softenings in the white 
matter of one or both cerebral lobes, in which there has been no 
paralysis, and no impairment of sensation nor voluntary motion. 
In all such cases, some of the conducting tubules have escaped 
the morbid action, and have been sufficient to maintain the 
transmitting power. In no case, however, where the entire 
gray matter of the convolutions nor of the white matter of the 
hemispheres have been destroyed, has the intelligence or con- 
ducting power remained uninjured. 

* Edinb. Med. and Surg. Journal, vol. xliiL p. 292. 
t American Medical Intelligencer. April 1. 1837. 
% Medico-Ohirurgical Review, vol. xziv. p. 202. 
§ Bulletin de I'Acad^mie de M^icine, toI. zxx. p. 799, 1865. 

h 
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lliere can be no doabt that the TeUtion between the mole- 
cular, nudear, and cell elementB <^ the hemL^berical ganglion, 
as the instrament ol mind, must be most important ; and yet 
I am not aoqnainted with any tme, who, having first qualified 
himiylf for tiie task by a pndcMiged and carefol stndy of histo- 
logy, has investigated, cm a sufficiently extensive scale, the brain 
in cases of insanity, l^ychologists content themselves with 
repeating well-known clinira^l observations^ with the ordinary 
morbid anatomy or density of the brain, and with the meta- 
physical speculations which have been pushed as far as, if not 
further than, human intellect can cany them. Need we feel 
surprised that the true pathology of insanity is unknowD ? 
What we desiderate is a careful scrutiny of the organ. Hitherto 
the difficulties of such an investigation have been insurmount- 
able, in consequence of our imperfect methods of research. 
But let any one possessing a competent knowledge of histology, 
and the use of our best microscopes, with the opportunities our 
hu^ asylums offer, only now dedicate himself to the task, and 
he may be assured, that while extending the bounds of science, 
he will certainly obtain an amount of fame and honour that few 
cam hope to arrive at. The molecules on which muscular con- 
tractility depends are, as we have seen, visible molecules, and 
so I believe are those in the hemispherical ganglion, so essen- 
tially connected with the functions of the brain. 

From the various facts now known, I think it may be con- 
cluded that the cortical substance of the cerebral lobes furnishes 
those conditions which are necessary for thought, including all 
mental operations, sensation and volition. Further than this 
we are not warranted in going, for the facts which establish 
these great conclusions entirely negative, as we shall see, all 
those theories which have been advanced having for their object 
a localisation of the different faculties into which the mind has 
been arbitrarily divided. 

The Mental Faculties, — When we endeavour to determine 
these, and separate the reasoning powers from instinctive ac- 
tions, the difficulty of the inquiry seems at first to be over- 
whelming. To analyse the intricate combinations of our own 
minds is a difficult task ; but how much more laborious is it to 
study the variations in the minds of othei-s, and to investigate 
the habits of the countless tribes of animals with the view of 
distinguishing which depend on reason, and which on blind 
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instmct ! The attempts of metaphysicians in this direction are 
not satisfactory. At the conmiencement of the present century, 
Dugald Stewart considered the mental faculties to be Con- 
sciousness, Perception, Attention, Conception, Abstraction, 
Association of Ideas, Memory, Imagination, and Judgment or 
^Reasoning. To these he added the Affections, Desires, Self- 
love, and the Moral Faculty. 

TTia successor in this University, Dr Thomas Brown, divided 
Mental Phenomena (1822) into two great divisions, viz., the 
external affections and internal affections. The external com- 
prehend all our sensations, and the internal are divided into 
two branches, the one intellectual, the other emotional. Under 
the intellectual states we have simple and relative suggestions, 
and under emotional states we have all the passions and desires. 
This classification is more comprehensive than that of Stewart's, 
recognising, as it does, however dimly, the necessity of conjoin- 
ing physiological facts with metaphysics. 

In recent times it has been maintained that the study of mind 
ought not to be considered as a branch of transcendental philo- 
sophy, but as a positive science, called Psychology ; and those 
who have thus cultivated it, instead of multiplying the mental 
faculties, have contracted them under three heads, viz.. Intel- 
lect, Sensation, and Volition. The various modes of consider- 
ing and applying these faculties by ScheUing, Hegel, and others 
in Germany, by Royer CoUard, Cousin, and others in France, 
and by Hamilton, Mill, Bain, Morrell, Maudesley, and others in 
this country, constitute a wide field of knowledge, which occupies 
two chairs in this University under the names of Moral Philo- 
sophy and Logic I can only briefly give a sunmiary of the results. 
(For the relation existing between mind and brain, see p. 180.) 

At present, then, we may conveniently consider that the 
mental faculties are of three kinds — 1st, Purely intellectual — ^we 
think ; 2d, The sensations — we feel; 3d, Volition — ^we will, we 
determine. 

1. IrUdlect. — Of the intellectual faculties there is a general or 
predominant one, viz., Consciousness, It is the ego or idea of 
our own existence, and which, influenced in various ways, 
causes the other mental faculties. Thus, if directed to the 
present, it is Perception; if it recals the past, it is Memory ; if 
it suggests the ideal, it is Imagination ; if applied to thought 
synthetically, it is Generalization — if analytically, it is Reason- 
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ing ; if it originate ideas intuitively, it is Original Concept 
tion, 

2. The Sensations are of two kinds, physical and mental ; tliat 
is, we can feel pain or pleasure from physical agents or from 
mental operations. The physical sensations are Touch, Taste, 
SmeU, Hearing, Sight, and the Muscular sense, or sense of toeight. 
The mental sensations are Hope, Fear, Grief, Pride, Love, 
Hatred, Desire, Aversion, Joy, Sorrow, Despair, Audacity, Cour- 
age, &c. To these may be added Self-love, or Vanity, and the 
Moral Facvlty — a feeling of being right or wrong. 

3. Volition. — Sensation, as we have previously seen, is the 
consciousness of an impression, and the same relation that the 
influence has to consciousness volition has to sensation. To 
will, there must be an object, physical or mental. Thus will, 
directed to the muscles, causes voluntary motion ; if to sensation, 
attention ; if to thought, abstraction, or concentration of ideas. 

Phrenology. — Gall and Spurzheim have divided mind into 
thirty-three faculties, to which Mr Combe added two more, 
making thirty-five in all. These are — 1st, Amativeness; 2d, 
PhUoprogenitiveness, or love of offspring ; 3d, Concentrativeness, 
or the power of continuing impressions and ideas ; 4th, Adhe- 
siveness, or the desire to attach ourselves to persons or objects ; 
5th, Comhativeness, or the inclination to fight and be embroiled 
in contentions ; 6th, Destructiveness, or the desire of destroying 
life ; 7th, Constnwtiveness, or a disposition to apply oneself to 
the mechanical arts ; 8th, Covetousness, or the desire to covet, to 
amass, or acquire ; 9th, Secretiveness, to conceal ; 10th, Self- 
Esteem, or self-love ; 11th, Love of Approhatio^i, or the pleasure 
we derive from the commendations we receive from others ; 
12th, Cautiousness ; 13th, Benevolent, or meekness and gentle- 
ness of disposition ; 14th, Veneration, by which we worship the 
Deity and material objects ; 15th, Hope; 16th, Ideality, or the 
poetical disposition ; 17th, the faculty of Conscientiousness, or of 
justice and equality ; 18th, Determinativeness, or firmness of 
character or purpose ; 19th, Individuality, or the power we pos- 
sess of knowing external things ; 20th, Form, by which we take 
cognisance of the forms of external objects ; 21st, Size, that 
power which seizes hold of dimensions ; 22d, Weight, that faculty 
by which we estimate weight, density, resistance, &c. ; 23d, 
Colour, the faculty of perceiving colours ; 24th, Space or Lo- 
cality, the power of local memory ; 25th^ Order, or a love of 
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methodical arrangement ; 26th, Time^ or the faculty which 
enters into speculations on duration ; 27th, Number, or the 
power of calculation ; 28th, Twve, or the perception of musical 
tone ; 29th, Language, the faculty by which we learn artificial 
signs ; 30th, Comparison, by which we recognise differences, 
analogies, similitudes, &c. ; 31st, Causality, that power which 
directs our attention to the causes of things ; 32d, Wit, the 
faculty of jesting, raillery, mocking, &c. ; 33d, Imitation, the 
power of imitating sounds, gestures, manners, &c. These are 
the several faculties of mind laid down by Drs Gall and Spurz- 
heim ; but to this catalogue Mr Combe has added two others, 
— 34th, Wonder, or that which relates to the marvellous, super- 
natural, &c. ; and 35th, Eventuality, or that which takes cog- 
nisance of changes, events, and active phenomena. 

The objections to this division of the mental faculties are, — 
1st, Its complexity ; and according to the phrenological system, 
one faculty is considerably influenced by others ; so that com- 
pound characters may be easily manufactured at will, and thus 
numerous sources of fallacy thrown open. 2d, It is redundant 
in some faculties, and deficient in others. It is redundant, for 
instance, in having two organs for Form and Size, for Comba- 
tiveness and Destructiveness, for Causality and Concentrative- 
ness. Each of these two, if not identical, are, at all events, 
closely allied. It is deficient in having no such faculties as 
Memory, Eeasoning, and Judgment, which every man is con- 
scious he possesses. But it is said that every organ has a power 
of remembering, reasoning, and judging ; so that there are 
other faculties which govern or attend upon all the thirty-five 
organs. There are also obvious deficiencies in the propensities 
or instincts ; for mankind not only love, steal, fight, kill, secrete, 
and build, but run, swim, walk, talk, sing, learn, and so on, 
which have no place in the phrenological system. Perhaps 
there is no instinct so strong in man and animals as that of self- 
preservation, and yet this has no organ ascribed to it by the 
phrenologists. As a philosophical and metaphysical system of 
the mental faculties, therefore, the classifications of Stewart and 
Brown seem to us greatly superior, especially in all the higher 
properties of the intellect ; although, so far as the instincts and 
passions are concerned, they are, perhaps, inferior. 

5%a individual mental facvlties cannot he localised, — If our 
knowledge of what the faculties of the mind really are, and 
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how they should be divided, is so imperfect, it maj appear 
nnneoessary to attempt to determine in what part of the brain 
each is situated. As might be expected, all sach efforts have 
failed. That the brain furnishes the conditions necessary for 
the evolution and manifestation of mind, we have seen, is estab- 
lished ; and that the gray matter originates, whilst the white 
matter conducts, the influences generated, we have also shewn 
to be highly probable. But we have no facts which point out 
that Memory, Consciousness, Judgment, Reasoning, or gimilaT' 
faculties belong to one part of the cerebral convolutions more 
than to another. Qall and his followers have localised all the 
thirty-five faculties into which they have divided the mind. 
He observed that certain individuals who displayed mental 
powers, moral feelings, or particular propensities, had a fulness 
or prominence in a certain part of the anterior, middle, or 
posterior third of the cranium. By paying attention to the 
principal characteristics of remarkable men, and the living 
habits of animals, he found that this fulness or prominence 
coincided in a number of cases ; and he concluded from this 
that the function of brain which existed below the prominence 
was the organ giving rise to the characteristic faculty. He 
then sought to confirm his theory by anatomy, physiology, 
and pathology ; and he and his disciples have accumulated an 
immense number of these coincidences, which they believe 
sufficient to establish the phrenological theory. 

But, proceeding on the principles which the phrenologists 
themselves have laid down, it is easy to shew that the excep- 
tions are as numerous as the coincidences ; whilst the other 
modes of inquiry to which we have alluded, — ^namely, anatomy, 
the results of experiments on living animals, and the observa- 
tions of the symptoms of disease as compared with the appear- 
ances presented after death, — ^not only give no support, but are 
directly opposed to the views of Gall. Thus some remarkable 
skulls in the Museum of the University of Edinburgh are, on 
the principles of the phrenologists themselves, entirely opposed 
to their doctrines. Of these, among many, we would point to 
the skulls of Burke (Plate XV. fig. 5), Pep^ (Fig. 6), and 
Haggart (Fig. 7), — all three remarkable murderers, with De- 
structiveness small ; and the last a most dexterous thief, with 
Acquisitiveness small. The flattened appearance of the organ 
of Destructiveness in these skulls contrasts remarkably with 
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the ordinary type of Saxon sknll (Fig. 8). Anatomy proves 
that, while the lower vertebrate animals possess the anterior 
and middle lobes of the brain well developed, which are said to 
be the seat of the intellectual faculties and moral sentiments, 
they are deficient in those parts where Love of Offspring, Adhe- 
siveness, Destructiveness, and Combativeness are found, — ^facts 
wholly incompatible with the theory of Gall. In the same 
manner, the great majority of facts derived from physiological 
and pathological research give no support to phrenology. We 
have previously seen how several cases prove that both ante- 
rior lobes of the brain, where the phrenologists have placed the 
higher mental faculties, may be completely destroyed without 
affecting the intellect. (See p. 297.) Although, therefore, this 
doctrine is unquestionably founded upon a large number of 
data, it cannot lay claim to a correct localisation of the mental 
faculties in any way superior to other systems, which, like those 
of Camper and Lavater, have been advanced by ingenious men, 
have excited attention for a season, and been ultimately aban- 
doned as inconsistent with the present state of our knowledge. 
The names of Gall, Spurzheim, and Combe, notwithstanding, 
ought ever to be registered among those whose labours have 
greatly contributed to advance our knowledge of the physiology 
of the brain. 

Cerebellum. 

HUtological resvlU, — The ganglionic surface of the cerebellum 
is structurally altogether unlike that of the cerebrum. On 
looking at a well-made vertical section of the former, prepared 
after the method of Lockhart Clarke, and steeped in carmine, 
under a magnifying power of 25 diameters, the fine tubular 
substance in the centre is seen to be bounded externally by a 
granular layer, outside which is a row of nerve cells with 
branched processes gradually terminating towards the margin 
of the exterior layer, which is finely molecular. On increasing 
the magnifying power to 250 diameters, we see more distinctly 
the relation of these various parts to one another, and recognise 
in the interior of each granule an included rounded body. 
(See Plate XV. fig. 2.) According to Gerlach, these corpuscles 
are united to one another by a slender filament, which he has 
figured in a hypothetical diagram. Although such an appear- 
ance as he has imagined cannot be discovered in the natural 
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structure, I have seen the tubes running between the granules, 
and traced them to the external margin of the granular layer. 
The external layer is the structure which demands the greatest 
attention. (Fig. 2, a.) It is composed essentially of a finely 
molecidar mass, containing numerous capillaries derived from 
the vessels of the meninges. Large ganglionic cells external to 
the granular layer send off branching processes towards the 
circumference, which are gradually lost as they proceed out- 
wards. Both in the external, as well as in the internal layers, 
the basis of the texture is evidently molecular— 2k fact which 
hitherto has received far too little attention. 

Experimental restdts. — If the cerebellum be removed gradu- 
ally from a pigeon in successive slices, there is progressive cir- 
cumscription of the locomotive actions. On taking away only 
the upper layer there is some weakness and a hesitation in its 
gait. When the sections have reached the middle of the organ, 
the animal staggers much, and assists itself in walking with its 
wings. The sections being continued further, it is no longer 
able to preserve its equilibrium without the assistance of its 
wings and tail ; its attempts to fly or walk resemble the fruit- 
less efforts of a nestling, and the slightest touch knocks it over. 
At last, when the whole cerebellum is removed, it cannot sup- 
port itself even with the aid of its wings and tail ; it makes 
violent efforts to rise, but only rolls up and down ; then, 
fatigued with struggling, it remains for a few seconds at rest 
on its back or abdomen, and then again commences its vain 
struggles to rise and walk. Yet all the while its sight and 
hearing are perfect. The slightest noise, threat, or stimulus, at 
once renews its contortions, which have not the slightest ap- 
pearance of convulsions. (Plate XV. fig. 4.) These effects, 
first described by Flourens, have been confirmed by all experi- 
menters, and occur in all animals. The results contrast very 
strongly with those of the much more severe operation of re- 
moving the cerebral lobes. " Take two pigeons,'* says Longet ; 
" from one remove completely the cerebral lobes, and from the 
other only half the cerebellum ; the next day the first will be 
firm upon its feet, the second will exhibit the unsteady and 
uncertain gait of drunkenness." 

These facts induced Flourens to consider the cerebellum as 
the co-ordinator of motion, in which view he was supported by 
the late Dr Todd and others. Foville, on the other hand, 
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supposed it to be the seat of sensation, and argued that, as it 
is by means of this function that we regulate muscular motion, 
so, when it is destroyed, the faculty of perceiving the move- 
ments being lost, we cannot answer for their precision or dura- 
tion. That it should be the seat of sensation generally is 
disproved by the fact that the animal is evidently conscious o£ 
impressions after its removal ; but that it should be the organ 
of that peculiar sense, which has been variously called " mus- 
cular sense,'' " sense of resistance," and " sense of weight," is 
very probable. Accordingly we find that Professor Lussana, of 
Parma, has brought together all the arguments which exist 
as to this matter, along with numerous original observations, 
confirmatory of the view that the cerebellum does indeed regu- 
late motion, but in consequence of its being the seat of the 
muscular sense.* 

It has been suggested by Carpenter and Dunn that the oor- 
jnis dentatum in the cerebellum is the ganglion which is 
connected with this sense, a view rendered improbable by 
Brown S^uard's analysis of cases where the organ was diseased. 
I submit that the function is seated in the external layers of 
grey matter rather than in the corpus dentatum — a theory to 
which the same objections do not apply. Mind frequently 
remains when portions of the hemispherical ganglion are in- 
jured, although we know of no instance in which, where the 
whole of it has been diseased, intellect has been preserved. So 
the co-ordinating motor power may remain when parts only of 
the cerebellar leaflets are destroyed, but is certainly lost when 
the whole gray matter is diseased. That the cerebellum, there- 
fore, is connected with a special sense, through which it influ- 
ences the co-ordinate action of the muscles, is a doctrine worthy 
the attention of physiologists. Its external layers of grey mat- 
ter, constituting a complex ganglionic structure, has probably 
the same relation to the muscular sense as the hemispherical 
gangUon has to sensation in general. 

Pathological resvlts, — Diseases of the cerebellum, such as 
extravasations of blood into its substance, softenings, tumours, 
tubercular deposits, although they generally have as a symptom 
paralysis or convulsions, these are often well marked, and are 
very violent from apparently trifling lesions, and are as often 
slight when the whole or greater portion of the organ has been 

* Journ. de Physiologie. Tom. vi. 1863. 
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completely disorganised. The result of pathological inquiry 
throws uo light upon any of the proposed functions of the cere- 
bellum. In two remarkable cases where it was atrophied,* 
although there were epileptic and other convulsions, co-ordina- 
tion of motion existed in the intervals. According to Gall, the 
cerebellum is the seat of the sexual instinct. This was not only 
present but excessive in both the cases referred to, shewing that 
diminution in the size of the organ did not produce diminu- 
tion of the alleged function. In a singular cranium in our 
University Museum, the prominence over the organ of amative- 
ness is remarkable (Plate XV. fig. 9), but on dissection the 
cerebellum was found to be normal, the enlargement being 
caused by thickening of the bone, and great distension of the 
Torcular Herophilu 

Corpora Striata and Optic Thalami. 

These parts of the encephalon consist of masses of ganglionic 
matter differently arranged, connected with the spinal cord 
below and the cerebrum above. The corpus striatum is in 
front of the optic thalamus, but a portion of its substance 
goes backwards and over it. This intimate relation of the two 
ganglia renders it difficult to experiment upon one without in- 
juring the other. In the same way, disease of one is liable to 
influence the other, and in either case hemiplegia on the opposite 
side of the body is the general result. It follows that as yet we 
have no means of determining with certainty the functions of 
each ganglion, although it is probable that the corpora striata 
are connected with voluntary combined movements, and the 
optic thalami with sensation and with the sense of sight, but 
not exclusively so. 

Dr Todd says of these bodies : — " The corpora striata and 
anterior horns are centres of motion ; the optic thalami and 
posterior horns are centres of sensation. The anterior pyramids 
connect the former ; the olivary columns, and perhaps some 
fibres of the anterior pyramids, the latter." He further argues 
" that the intimate connection of sensation and motion, whereby 
sensation becomes a frequent exciter of motion, and voluntary 
motion is always, in a state of health, attended with sensation, 
would d priori lead us to look for the respective centres of these 

♦ By Combette, Cruweilhier*s Anat. Pathology. liy. 3cv. Plate V. ; by Hyde Sal- 
ter, Trans, of Lond. Patholog. Soc, vol. iv. p. 81. 
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two great faculties, not only in juxtaposition, but in union, at 
least as intimate as that which exists between the corpus stria- 
tum and optic thalamus, or between the anterior and the 
posterior horns of the spinal gray matter/' That motion and 
sensation are intimately connected with these bodies, there can 
be no doubt, but that yolition or sensation resides in them, or 
have their centres there, is opposed to all we know of the nature 
of yolition and sensation, as well as to the facts connected with 
the cerebral lobes previously noticed. (See pp. 296, 297.) 

Corpora Quadrioemina. 

These ganglia, from their intimate connection with the optic 
nerves, have also been called optic tuberdes, and been supposed 
to have some special relation to the sense of vision. Floureus 
determined that destruction of these on one side was followed 
by loss of sight on the opposite side, and that their removal on 
both sides deprived the animal of vision, without affecting the 
locomotive or intellectual powers, and leaving all sensibility, 
except to light, unaffected. Their total removal also paralysed 
both irides. Similar results have followed disease of these 
bodies, but it must be remembered that like effects have fol- 
lowed lesions of the optic tracts, of the thalami, of the cerebel- 
lum, and indeed of other parts of the brain and medulla 
oblongata. We cannot, therefore, suppose them to be exclusive 
centres of the sense of vision, or of those movements in the 
irides which are so necessary to sight, as Flourens supposed. 

Rotatory and other convulsive movements. — When injuries of 
these tubercles are deep, so as to reach the medulla oblongata, 
with which they are intimately connected, general convulsive 
movements are produced. If the injury is only on one side, the 
opposite side of the body only is affected. Sometimes the 
animal rolls round its body towards the injured side. Similar 
turnings were produced by Magendie on cutting across the eras 
cerebelli, but were much quicker, the animal often making sixty 
revolutions in a minute. On puncturing the corpora quadri- 
gemina and the pons Varolii with a pin, on the left side. Brown 
S^uard found that the right eye was convulsed, while the other 
was normal. There was also turning similar to what is often 
seen practised in the manage. The animal moves sideways, and 
describes a circle, with its body forming part of its radius, the 
head at the circumference, and the tail towards the centre of 
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the circle. ' According to Magendie, certain injuries to the 
cerebellum cause the animal to push itself backwards, whilst 
injuries to the corpora striata oblige it to rush forwards. Turn- 
ing movements have been induced by Flourens, after injuring 
the semicircular canals of the ear in birds. Longet has caused 
them in pigeons, by evacuating the humour of the eye. Similar 
convulsions have occasionally been observed in man as the 
result of disease, especially at the commencement of epileptic 
attacks. These remarkable movements, therefore, are probably 
occasioned by irritations and injuries which, by producing para- 
lysis in some muscles, and convidsive contractions in others, 
oblige the animal to move in certain directions. Vertigo and 
partial blindness, however caused, may assist in their production. 

Pons Varolii and Medulla Oblongata. 

These portions of the encephalon possess the same function as 
the spinal cord, with the addition of being more essential to 
life, on account of their being the centres (especially the latter) 
which furnish the necessary power for maintaining the co-ordi- 
nate movements of respiration and deglutition. It is by arrest- 
ing respiration, and paralysing the functions of the important 
organs to which the vagi nerves are distributed, that sudden 
injury to the medtdla oblongata proves so rapidly fatal. Here also 
occurs that decussation of the anterior and middle columns oi 
the cord to which is attributable the crossed action of lesions in 
the cerebral lobes — apoplectic extravasations, softenings, &c, in 
the right cerebral hemisphere, causing hemiplegia of the left 
side, and vice versa. 

Destruction of the medulla oblongata in the hands of all ex- 
perimenters has caused sudden death, but removal of the 
entire brain and cranial portion of the cord above this centre 
does not do so. The vertebral portion of the cord below may 
also be removed up to the origin of the phrenic nerve, without 
destruction to life. In amphibia these two experiments have 
been combined, and yet the animal will continue to breathe, and 
life be maintained. But when the medulla oblongata is in- 
jured, respiration and life at once cease. Hence the humane 
efforts of the hangman in this country to cause dislocation of 
the first or second cervical vertebra, so as to cause immediate 
death. 
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The Spinal Cord. 



Histological restUts. — The spinal cord has two portions — a 
cranial and a vertebral. The former consists of a chain of gan-' 
glia more or less connected with one another, as well as with 
the cerebrum above and the vertebral part of the cord below ; 
the latter is composed of two lateral halves divided by Jin ante- 
rior and posterior fissure. Each lateral haK is subdivided into 
three columns — an anterior, middle, and posterior — by the two 
comua of the central mass of gray matter, in which are numerous 
multipolar ganglionic cells. Through the centre runs the spinal 
canal, lined with colunmar epithelium. The white matter of 
the lateral columns is composed of tubes, which, as shewn by 
Lockhart Clarke, on being traced inwards from the spinal 
nerves, join the ganglionic cells in the gray matter, and, through 
them, keep up a communication — 1st, with the opposite lateral 
columns ; 2d, with the cerebrum ; and 3d, with the anterior and 
posterior roots of the nerves. (Plate XVI. fig. 2.) A transverse 
section of the tubes of the cord, shewing the axis cylinder, and 
white substance of Schwann, is given Plate V. figs. 21, 22. The 
multipolar cells, which embedded in molecular matter, constitute 
the gray substance of the cord, are similar to the one repre- 
sented Plate III. fig. 28, e. 

Experimental results. — Sir Charles Bell distinctly proved by 
experiment that the anterior roots of the spinal nerves were 
motor, and that the posterior roots were sensitive. On dividing 
the former in a living animal, voluntary motion of the parts to 
which it was distributed was lost ; on dividing the latter, 
pricking or injury to those parts caused no sensation. On irri- 
tating the lower cut end of the anterior root, convulsion was 
produced ; on irritating the upper end of the posterior root, 
pain. He also made the discovery that certain cerebral nerves 
were motor throughout their course, whilB others were wholly 
sensitive. These he called nerves of motion and of sensation, and 
when the two were combined in a single nerve, it was called a 
mixed nerve or senso-motory. His dissections led him to con- 
clude that the motor nerves and motor roots of the spinal 
nerves were connected with the anterior column of the spinal 
cord, whilst the nerves of sensation and posterior roots of the 
spinal nerves were continuous with the posterior columns. He 
himself never experimented on the cord, but those who have 
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done so, especially Longet and Van Been, were induced to con- 
clude that division of the anterior and posterior columns respec- 
tively, induced paralysis of motion and sensation ; and irritating 
them occasioned convulsion and pain. In these experiments, 
however, not only the anterior and posterior columns, but the 
middle columns and gray cornua were injured. Stilling divided 
the anterior column down to the gray matter, without causing 
paralysis of motion, and Brown S^quard, on dividing the post- 
erior column only, which he did with a knife made for the 
purpose, found sensibility in the lower extremities, and pain, on 
irritation, to be increased. In either case, to cause paralysis of 
motion or of sensation, it was necessary to extend the incision 
into the grey matter. If two sections be made, however, midway 
between neighbouring spinal nerve roots, then conduction 
between the parts above and below the sections is cut off. 
(See Plate XY. fig. 12, c?.) The explanation of this is to be 
found in the course taken by the nerve tubes, as shewn by 
Lockhart Clarke, which so diverge from one another, on passing 
into the cord, that no one transverse section of the column can 
divide them, although two at a certain distance from one an- 
other may (Fig. 12, i). In the same manner, two incisions, at 
right angles to one another, dividing the white substance and 
grey matter, completely destroy the power of transmission (Fig. 
12, h). Thus histological research and experimental investiga- 
tion support one another, and the two have now demonstrated 
that the conducting nerve tubes of the spinal roots of the nerves 
communicate through the gray matter of the cord, not only with 
the brain and the two sides of the body, but with each other. 

These facts have served also to explain more fully the nature 
of those actions variously denominated automatic, reflex, and 
diastaltic, for the true knowledge of which we are indebted to 
the labours of Marshall HaU. It is now clear that the influences 
excited by irritation of nerves run continuously through the 
cord in certain directions, now communicating with muscles to 
produce spasms, and now with the glands and vessels to produce 
secretion and vaso-motor action, and this without any necessary 
connection with the brain, and, therefore, without sensation. 

Reflex or diastaltic actions, — Numerous combined muscular 
actions may go on independent of volition or sensation, and even 
when the brain is removed. These depend on influences origin- 
ating in physical irritations applied to an incident nerve, which 
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are conducted through the spinal cord, and from it by excident 
nerves to the muscles, the contractility of which is thereby ex- 
cited. The character of these movements gave rise to the idea 
that they were connected with sensation, and indicated pain. 
Thus, decapitated animals may be seen to struggle exactly as 
they would do were the brain entire. They appear to avoid 
the particular injury, push the irritating instrument away with 
their paws, and writhe as if in agony ; so that it is exceedingly 
difficult for a spectator to convince himseK that they are not 
suffering, and that such motions are not connected with sensa- 
tion. But we have previously seen, and the slightest analysis 
of our own sensations and mental operations will soon convince 
us, that sensation is the consciousness of an impression. If, then, 
the same sensitive and motor phenomena are produced inde- 
pendently of brain as when it is present, we must either believe 
that consciousness resides in the spinal marrow, and that, there- 
fore, they are connected with sensation, or that it resides in the 
brain, in which case they must be independent of sensation. 
The former was the notion of Whytt, Haller, Le Gallois, Pro- 
chaska, and others, who connected these spinal movements with 
a so-called sensorium commune. Indeed, there is but one of 
these writers who reasoned correctly on this point, viz.. Sir Gil- 
bert Blane, who says, referring to a decapitated animal, " When 
the head is cut off, its irritability remains, as appears by the 
motion of the ears when pricked or touched by a hot wire, and 
as the extremities are also irritable, it will not be said that con- 
sciousness and sensation exist in two separated poitions of the 
same body. Nor can it be admitted that sensibility and con- 
sciousness may remain in the head after separation ; for, if mere 
compression of the carotid arteries abolishes sensation and 
thought, by interrupting the circulation in the brain, how much 
more must the superior violence of decapitation have this 
effect." But, whilst Sir Gilbert Blane had a clear idea that 
these motions were independent of consciousness, he had no 
notion of their reflex character. On the other hand, this reflex 
function did occur to Prochaska, who, however, connected it 
with a sensorium commune, a term used by Descartes, HaUer, 
Whytt, and others, to express the seat of sensation, which was 
placed by various writers in different parts of the nervous sys- 
tem. It was Dr Marshall Hall who first clearly separated these 
functions from cerebral or mental acts, and placed them alto- 
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gether in the spinal cord. He pointed out that they were inde-* 
pendent of mind, and, therefore, not connected with sensation. 
He classified them by themselves, under the name of reflex, 
excito-motory, or diastaltic actions ; described the laws by 
which they are governed, and their universal application to the 
pathology and diagnosis of disease. We have previously seen 
(p. 289) that all such actions require a centre with incident and 
excident nerves communicating with it, although the exact rela- 
tion of these, as explanatory of individual diastaltic movements, 
has Dot yet been determined. 

As examples of diastaltic, or purely spinal motions, may be 
enumerated, — 1st, Xhose constantly going on in the eyelids 
when any object approaches them, as in vmJdng, in which case 
the incident nerve is the palpebral branch of the fifth, and the 
excident the orbicular branch of the seventh pair of nerves. 
2d, The closure of the larynx in every act of deglutition, and in 
every effort to vomit, and as occurs on the contact of a drop of 
water or a crumb of bread, &c., when the incident nerve is the 
superior, and the excident the inferior laryngeal. 3d, The 
various movements associated in the act of respiration, in which 
the incident nerves are the sensitive portions of the fifth pair,, 
of the pneumo-gastric and spinal nerves ; while the excident 
are the spinal accessory and motor branches of the intercostal 
diaphragmatic, and lower spinal. 4th, The different actions 
associated in the act of deglvititiony including those that occur 
in the pharynx, oesophagus, and the cardiac orifice of the 
stomach. The incident nerves are united with the excident 
in the pharyngeal, oesophageal, and cardiac portions of the 
pneumo-gastric. 5th, Numerous actions connected with the 
outlets of the body, as in defoecation and expulsion from the 
urinary and generative organs, in which the incident and exci- 
dent nerves are united in the branches of the spinal nerves. 
6th, The movements of the foetus in utero. 7th, Numerous com- 
plex actions, acquired at one period, and performed afterwards 
automatically, without exercise of mind, such as vxdking, sing- 
ing , playing certain pieces of music on various instruments, &c. 
8th, Instinctive actions of various animals, as the flying of migratory 
birds, building their nests, construction of the honey-comb, &c. 
9th, All the spasmodic and convulsive actions of the body, in- 
cluding votniting, choking from the presence of a foreign body 
in the lamyx or pharynx, nervotis tvdtching of the limbs, con- 
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vuLsions of parts of the whole body in chorea, hysteria, epilepsy, 
and rigid spasms of tetanus, &c In these four last kinds of 
actions, the sensitive nerves of various parts of the body are the 
incident, and the motor the excident nerves. 

These diastaltic actions, though spinal and independent of 
mind, may, to a certain extent, be controlled by the will. Thus 
the sudden contact of hot or cold bodies to the skin, the prick 
of a pin, &c., if unexpected, will cause starting ; but if a reso- 
lution be formed not to do so, this effect may be prevented. 
This influence is exercised over different muscles in different 
degrees, and it varies in persons from constitutional and un- 
known causes. Other spinal actions apparently require the 
co-operation of the mind, such as coughing, sneezing, laughing, 
sobbing, yawning, and hiccough. In these cases it frequently 
happens that the most determined effort of the will fails to con- 
trol them ; whilst arresting or withdrawing the attention, checks 
them at once. Hence we have one class of motions purely 
voluntary, and another, partly voluntary and partly spinal, such 
as coughing, laughing, sneezing, &c., which it is difficult to con- 
ceive being produced without a certain mental effort. Then we 
have a class of motions altogether involuntary, wholly spinal, 
which may be carried on for a certain time in a decapitated 
animal. 

Pathological results, — Many cases have been published where 
no sensation has resulted from the application of the strongest 
stimuli to certain parts of the body, yet where voluntary motion 
in these parts has continued. Thus Mr Beid relates a case * 
where the sentient power was annihilated over the whole sur- 
face of the body, while the power of motion, though impaired, 
was so entire as to enable him to use his hands in carving his 
food, in writing, in holding the reins when on horseback, &c. Mr 
Liston removed one of his metatarsal bones which was carious, 
the operation giving him no pain whatever. Loss of voluntary 
motion has also been known to take place alone without influ- 
encing sensibility, but this is much more rare. A few cases are 
known where both these lesions have occurred in one person. 
Thus Dr H. Ley speaks of a woman who, after delivery, had defec- 
tive sensibility on one side, and loss of motion on the other. 
She could hold her child to one breast as long as she looked at 
it, but on the attention being removed, the child was in danger 

* Edin. Med. and Surg. Journal, yoI. xxxi. p 202. 

i 
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of falling ; on this side she could not feel the application of the 
child's mouth to the nipple, though she could see it sucking. 
On the other side feeling was perfect, but she was unable to 
hold the child to the breast.* Dr Bright gives a similar case,t 
and Andral mentions one of a man who had the right side of his 
face without sensibility, and the left without motion. In the 
great majority of cases, both motion and sensation are affected 
together, and the former suffers most. On recovery, sensibility 
is restored first, and motion afterwards. 

It has long been a matter of observation, that disease on one 
side of the brain causes paralysis on the opposite side of the 
body. This has been attributed to the decussation of the nerve 
tubes which may be seen in the medtUla oblongata. This, how- 
ever, could only account for paralysis of motion, whereas para- 
lysis of sensation follows the same law. The investigations of 
Lockhart Clarke, however, have demonstrated that, whilst the 
motor columns of the cord only decussate in the medulla ob- 
longata, decussation of the posterior columns takes place 
throughout the whole extent of the cord. (Plate XVI. fig. 1.) 
Many cases collected by Brown S6quard shew that while lesions 
above the medulla oblongata have a crossed action both as to 
motion and sensation, below that centre paralysis of sensation 
only is crossed, while that of motion is direct* 

With the spinal cord, as with the brain lesions, such as 
chronic softenings have occasionally occurred to a considerable 
extent without paralysis ;§ but it is probable, in all such in- 
stances, that the whole of the white, or of the conducting tubular 
matter, was not destroyed. In disease of the grey central sub- 
stance, the power of combining or co-ordinating movements is 
lost (locomotor ataxia) y sometimes combined with progressive 
muscular atrophy. Diseases of the membranes, on the other 
hand, induce pain, spasm, tetanus, &c. 

The correctness of Marshall Hall's views as to reflex actions 
being independent of sensation, is conclusively demonstrated by 
those cases in which the cord was so injured as to produce per- 
fect paralysis of the inferior extremities, so that on pricking 
them with a sharp-pointed instrument, or tickling the soles of 
the feet— the intelligence of the individual being perfect — ^the 

* Med. Gazette, vol. i. p. 755. f Reports, Case 271> 

X Lecture VII. in Lancet, pp. 272-3. 

I Case of Dessault, Abercrombic, 3d edit. p. 350. 
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limbs are thrown into convulsions, without any pain or irrita- 
tion being felt.* Nasse and others also have related examples, 
where, in consequence of spinal disease, women have gone 
through the stages of labour, and had healthy children, without 
the slightest suffering. The same result is now brought about 
by means of ether or chloroform, which suspends the cerebral 
functions, leaving the spinal and sympathetic ones unaffected. 

Brown S^quard has discovered a remarkable result of dividing 
one half of the spinal cord, between the seventh dorsal and 
third lumbar vertebr86 in the guinea pig, viz., that in from three 
to five weeks the animal becomes epileptic. Further, that the 
attacks of the disease may be excited by irritating or pinching 
a certain space of the face and neck below the ear of the side 
injured. This space is about 1^ inches long and 1 inch broad, 
and is anaesthetic. After a time, the hairs covering the part 
become crowded with pediculi. Epilepsy has also in the same 
manner occasionally followed section of the sciatic nerve, f 

The existence of cerebral, spinal, and cerebro-spinal diseases 
must ever be most interesting to the physiologist, whilst the 
innumerable forms of spasm or convulsive disorders, all of which 
are reflex and essentially spinal in their character, present a 
wide field for study, in the prosecution of which the work of 
Dr Marshall Hall will be found of inestimable value. The 
cerebro-spinal system has also a therapeutics of its own. Cer- 
tain remedies, such as tea, coffee, chloral, and opium, excite or 
diminish the cerebral functions ; others, such as strychnine, 
hemlock. Calabar bean, and tobacco, excite or diminish the 
spinal functions ; whilst a third class act both on the brain and 
spinal cord, such as cold, hydrocyanic acid, and alcohoL Some 
of these remedies are also antagonistic of the other. Thus we 
have proved experimentally that chloral will suspend the 
spasms and preserve life after fatal doses of strychnine and of 
the Calabar bean. 

The elucidation of the intricate functions we have now dis- 
cussed is mainly due to three distinguished physiologists, whose 
labours constitute three distinct epochs in the discovery of the 
functions of the nervous system. The first of these epochs is 
characterised by the establishment of contractility and sensi- 

* See Dr Elliot's case. Lancet, 1837-8, vol. ii. p. 77. 

t Comptes Rendus de la Society de Biolo^^e, vol. ii, 1850, p. 205 ; and Archlv. 
de Phys. 1869. p. 211. 
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bility as inherent properties of the- muscular and nervons 
tissues. Such was the great discovery of Haller. The second 
is indicated by the demonstration of nerves of sensation and 
nerves of motion, and of mixed nerves in connection with their 
spinal roota Such was the discovery of Charles Bell. The 
third epoch is marked by the separation of numerous combined 
actions from sensation, volition, and contractile movements, 
the demonstration that the spinal cord was their centre, and the 
fact that it was through a series of incident and excident nerves 
that they were accomplished. Such I hold to have been the 
discovery of Marshall Hall. Each of these great doctrines 
has given rise to an astonishing amount of discussion, the whole 
of which I have carefully considered, and unhesitatingly declare 
that, in my opinion, there is no doubt as to the great merits of 
the individuals named both as originators and demonstrators of 
the important doctiines referred to. 

The Cbrebro-Spikal Nerves. 

There are generally enumerated, after Willis, nine cerebral 
pairs and thirty-one spinal pairs of nerves. 

All the so-called cerebral nerves, with the exception of the 
first pair, which is in truth a ganglion, may be regarded as 
belonging to the cranial portion of the spiual cord. 

1. The first pair of nerves, called the olfactory^ serve to receive 
and convey the influeoces excited by odours on the Schneiderian 
membrane of the nose — to which it is distributed — direct to the 
brain, to produce the sensation of smell. They contain grey 
matter mixed with white tubular substance, and thus histologi- 
cally resemble the ganglia. (See Sense of Smell.) 

2. The second pair, or optic nerves, receive and convey to the 
brain the influences excited by light, so as to produce the sen- 
sation of sight. In the commissure, or chiasm, the nerves of 
the two sides undergo partial decussation, the effect of which, 
according to Mayo, is that the tubules from either optic gang- 
lion are distributed to its own side of both eyes, and receive 
the impressions of objects on the opposite sides of the body. 
(See Sense of Sight.) 

3. The third pair of nerves, or the motor nerves of the eyeball^ 
are purely motor, and regulate all the movements of the eye- 
ball, except those which depend on the external rectus and supe- 
rior oblique muscles. Wh en irritated within the cranium, spasm 
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of all the muscles to which they are distributed is occasioned, 
and dilatation of the pupiL When divided there are produced, 
1st, External strabismus ; 2d, Paralysis of the levator palpehroe, 
which causes the upper eyelid to remain closed over the eye, 
constituting ptosis; 3d, The eye cannot be moved upwards, 
downwards, or inwards ; and 4th, The iris is so paralysed that 
the most powerful light, diiected into the eye, is incapable of 
exciting the least contraction of the pupil. 

4. The fourth pair of nerves, or pathetic, also called trochlear , 
are purely motor, and govern the movements of the irochUaris, 
or superior oblique muscle of the eye. Irritation of the nerve 
causes spasm of that muscle, and division of it, according to 
Szokalski, causes slight deviation of the eye upwards an<l 
outwards, producing double vision, in which the same object 
appears as two, the one placed above the other. 

6. The fifth pair of nerves, called trifacial or trigemiiial 
divide into three branches, — two of which are purely sensitive, 
and the third is senso-motory. The sensitive branches terminate 
in the face, and communicate sensibility to the skin, various 
organs of the head, and to the external parts of the organs of 
special sense. It is also the great excitor nerve of these parts. 
Its communications also with the ganglia of the sympathetic 
system render its integrity of the greatest importance to various 
excito-motory, excito-sensory, and excito-nutrient actions of the 
head and face. The non-ganglionic branch distributed to the 
muscles of the jaws is motor, and governs the movements of 
mastication. Irritation or slight disease of any branch of the 
fifth gives rise to great pain, or neuralgia^ and to that severe 
form of it called tic do^doweux. Division or destructive disease 
of it causes paralysis of sensibility in the face exactly limited 
to a line drawn through the middle of the forehead, nose, 
mouth, and chin. Pricking of a pin causes no pain ; sternu- 
tatories placed in the nostril are not felt ; and food on the 
affected side of the mouth gives no idea of its presence. On 
drinking from any vessel, it seems to be broken or cut away 
suddenly at the part where the paralysed lip is applied. In 
addition to these effects, which result from loss of sensibility 
connected with the ganglionic portion of the fifth, the motion 
of the jaw is impeded from paralysis of the motor branch. 
Mastication is interfered with in consequence of palsy of those 
muscles which subject the morsel to the action of the teeth. 



3i8 THE NERVOUS SYSTEM, 

and from the impaired grinding motion of the jaws. The indi- 
vidual can only chew on the sound side, the action of the 
masseter and temf>oral muscles of the affected side being more or 
less imperfect or lost. There is still command over the features, 
however, and no distortion of the countenance or loss of expres- 
sion. The jaw is in some cases a little depressed, but this 
almost disappears when the individual smiles or laughs. This 
form of paralysis rarely exists alone, but is most commonly 
associated, as in hemiplegia, with palsy of the facial also, which 
we shall subsequently describe. (See seventh pair of nerves.) 
It may be more or less general, affecting the fii-st, second, or 
third branches of the nerve, and in every case a knowledge of 
its anatomy and physiology will indicate the effects produced. 

Magendie and Desmoulins were of opinion that all special 
sensibility was dependent on integrity of the fifth pair of nerves. 
Although this idea is incorrect, there can be no question that 
injury of this important nerve more or less interferes with, and 
ultimately destroys, smell, sight, hearing, and taste. This re- 
sults from the loss of that common sensibility which appears 
indispensable to the secretion of mucus from the mucous mem- 
branes, so that they become dry and inflamed, inducing a condi- 
tion incompatible with the proper performance of the functions 
of special sense. 

6. The sixth pair of nerves, called abducenty are motor, and 
govern the motions of the external rectus muscle of the eyeball. 
When irritated, that muscle is convulsed, and when divided, 
compressed, or disorganised, it is paralysed, and the eye is 
turned outwards. 

7. The seventh pair of nerves are composed of two parts, 
which are really separate nerves. The hard portion, or facial 
nerve, is motor, and governs the movements of all the muscles 
of the face. The soft portion, or auditory nerve, transmits the 
influences of sound through the internal ear to the brain, to 
produce the sensation of hearing. (See Sense of Hearing.) The 
motor portion, when irritated towards its terminal branches, 
sometimes occasions pain, which is attributed to its anasto- 
mosis with the sensitive filaments of the fifth pair. It always, 
however, causes convulsion or spasm. Section or destructive 
disease of the nerves within the cranium, or where it emerges 
from the stylo-mastoid foramen, causes general paralysis of the 
muscles of the face. The aspect of the face then differs accord- 
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ing as the muscles are in a state of repose or activity. In the 
former case, all expression is lost in the paralysed part ; the 
two sides of the face are not symmetrical, and when viewed by 
themselves, apparently belong to different individuals. The 
features generally are dragged toward the sound side ; the 
mouth is oblique, and its centre does not correspond to the axis 
of the body. The paralysed half of the face is a little more 
prominent than the sound one, which is wrinkled, contracted, 
and concealed behind the other, when viewed in profile. The 
paralysed side also appears broader than the sound one, while 
the eyelids are opened wide, and the eye appears more volumin- 
ous than its fellow. When, on the other hand, the individual 
speaks, laughs, cries, sneezes, or coughs, the deformity of the 
countenance is much increased, the mouth and features remain- 
ing perfectly motionless on the paralysed side, while on the 
other, they appear thrown into inordinate action. The muscles 
moving the jaws, however, which are supplied by the motor 
portion of the fifth, are still obedient .to volition ; mastication is 
readily performed, and the patient can hold solid bodies between 
the teeth. The cheek on the affected side is flaccid, it swells 
at the moment of expiration, and especially when the patient 
wishes to blow or pronounce a word with emphasis. The lips 
are paralysed, and the saliva and food sometimes escape from 
the mouth on the palsied side. The pronunciation of certain 
letters, as o, 6, and p, which require the intervention of the lips, 
is imperfect. Lastly, the patient cannot expectorate or direct 
the saliva to any given point at a distance from his mouth. 
Occasionally he can articulate with tolerable freedom, by sup- 
porting the paralysed cheek with his hand. Lagophthcdmia is 
also frequently present, exposing the eye to constant irritation, 
and often producing ophthalmia. This form of palsy may be 
more or less general, dependent on the number of branches of 
the portio dura distributed to the face, which are affected. 

Integrity of the facial, like that of the fifth nerve, is necessary 
to the proper performance of certain special senses, regulating 
as it does the movements of the nostrils, eyelids, and muscles of 
the internal ear. Great discussion has occurred as to how far 
the chorda tympanic which is a branch from it, is concerned in 
the sense of taste, a point in physiology not yet determined.* 

8. The eighth pair of nerves are divided into three branches : 

* See Lussana and Vulpian Archives de Pbjs. 18€9. 
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1st. The glosso-pkaryngecd, distribnted to the root of the 
tongue and phaiynx, is a nerve of sensibility, administering to 
taste and touch in the former situation, while it is the great 
excitor in the act of deglutition in the latter. Irritation of it 
causes pain, and if injured before it gives off its pharyngeal 
branches, extensive muscular movements are produced in the 
throat and lower part of the face. This was shewn by John 
Keid to depend on reflex action, the pharyngeal branches of the 
vagus being the excident or motor nerves. Disease or destruc- 
tion of the glosso-pharyngeal induces difliculty or complete 
paralysis of deglutition, from the loss of that power of receiving 
and transmitting impressions so essential for all reflex actions. 

2d. The second branch is the par vagum, or pneumo-gasirie 
nerve, which is distributed to numerous important parts, its 
branches having diflerent functions. As a whole, it is a motor 
and sensitive nerve, and contains incident and excident fila- 
ments. The pharyngeal and inferior laiyngeal branches are 
wholly motor ; its superior huyngeal branch is the sensitive 
nerve of the larynx, but is mixed with a few motor filaments 
which supply the crico-thyroid muscle ; the cardiac, pulmonary, 
oesophageal, and gastric branches are senso-motory. The re- 
sults of experiments have shewn that irritation of the pharyn- 
geal branches always produces contractions of the phaiynx 
directly. Irritation of the superior laryngeal nerve causes con- 
traction of the crico-thyroid muscle only, whilst that of the 
inferior laryngeal causes forcible contraction of the laryngeal 
muscles, as well as of the inferior constrictor of the pharynx. 
In a living animal the slightest touch on the mucous membrane 
of the glottis will cause its instant closure, if the superior 
laryngeal nerve be uninjured, but if that nerve be divided on 
both sides, the glottis may be irritated with impunity. Injury 
or complete section of the recurrent nerves causes also impair- 
ment or loss of voice. The oesophageal branches of the vagus, if 
irritated, produce contractions of the oesophagus, which extend 
throughout the whole tube to the cardia. Their section, or 
that of the vagus in the neck, causes palsy of the oesophagus, in 
which case the tube, during eating, becomes filled with the 
propulsive efforts of the pharynx, and the food even finds its 
way into the laryox and trachea. (Reid.) 

Section and injury of the cardiac branches of the vagus do not 
materially influence the actions of the heart. Weber was the 
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first to notice that strong stimulation of the vagus above these 
branches caused arrestment of the heart's contractions, with 
relaxation of its -walls. This Pfluger attributed to an inhibi- 
tory action, — an idea opposed by Moleschott and others. Ac- 
cording to Von Bezold, however, the movements of the heart 
appear to be influenced by three systems of nerves. One of 
these, seated in the heart itself, influences more especially its 
rhythmical action. A second, formed by the pneumo-gastrics, 
checks its action. The third, consisting of the sympathetic 
trunks in the neck and cardiac plexus, which are connected 
with the spinal cord, renders the organ answerable to the emo- 
tions of the mind. They all freely anastomose with one another, 
and produce compound effects, according to the amount and 
degree of the nervous influences affecting one or the other. 
Cyon and Ludwig describe a depressor nerve, arising in two 
roots — one from the vagus, and another from the superior laryn- 
gseal. Its division causes no marked result, nor does irritation 
of its lower cut surface. But if the upper cut surface be stimu- 
lated, there is a diminution in the force and frequency of the 
cardiac beats, while the aorta and visceral arteries are dilated ; 
so that it operates through the vaso-motor system of nerves. 

Section of one pneumo-gastric above the pulmonary branches 
produces no effect on the action of the lungs. But when both 
nerves are divided, severe dyspnoea and asthma are occasioned. 
The lungs become congested and cedematous, and the bronchi 
filled with serous fluid. Animals never survive this operation 
beyond three days, if the cut ends of the nerves be separated ; 
but if brought in contact, they will live ten or twelve days 
(Reid). 

Section of the gastric branches of the vagus cause, in the first 
instance, vomiting and loathing of food, and retard without 
putting an end to the digestive process. It weakens the con- 
tractions of the muscular coat of the stomach, which, however, 
are supplied from the S3rmpathetic, but. does not interfere with 
the secretion of the gastric juice. 

The vagus also forms most important connections with the 
sympathetic system of nerves ; and, like the fifth, is instru- 
mental to numerous excito-motory, excito-secretory, and excito- 
nutrient functions of the neck, chest, and abdomen. 

3d. The third branch of the eighth pair, or spinal accessory, is 
a motor nerve^ the external division supplying the external 
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musdes of respiration — ^the stemo-mastoid and trapezius — ^and 
the internal division, adding motor filaments to the vaga& On 
dividing it within the cranium, Bischoff observed that it caused 
loss of voice, and Bernard maintains that although respiration 
and phonation seem anatomicallj confounded, they are physio- 
logically independent. He believes the vagus acts in producing 
the muscular movements of the former of these functions, while 
the spinal accessory regulates those of the larynx and chest 
engaged in the latter function. 

9. The ninth pair of nerves, or hypo-glossal, is the motor 
nerve of the tongue. Its irritation induces spasms in the 
muscles it supplies, while section paralyses them. 

Spinal nerves, — There are thirty-one pairs of nerves which 
belong to the vertebral portion of the spinal cord, all of which 
are senso-motory, — the posterior ganglionic root being sensory, 
and the anterior motor. (See p. 309.) These, united, form 
a compound nerve, containing sensitive and motor filaments 
necessary for sensation and combined motions, including inci- 
dent and excident filaments in connection with distinct portions 
or arcs of the spinal cords as centres of diastaltic movements. 
The use of the ganglia are not known. They do not act as 
centres of reflex movements, as division of the posterior roots 
between the cord and ganglion destroys all such movements. 

The Sympathetic Nerves. 

This system of nerves has also been called ganglionic, organiCy 
and tri-splanchnic. It consists essentially of a number of ganglia 
containing numerous nerve cells, communicating by one series 
of connecting nerve-tubes with each other, and by another series 
with the cerebro-'spinal nerves. The structure of a ganglion is 
well seen, Plate XVI. fig. 3, a. The ganglia are arranged, 
according to their situation, into cephalic, cervical, thoracic, and 
abdominal ; while the connecting filaments, f ormiug plexuses, 
have received numerous names in difierent parts, such as carotid, 
cardiac, diaphragmatic, supra-renal, hepatic, splenic, superior 
and inferior mesenteric, &c., &c. The connection between the 
cerebro-spinal nerves, and those of the sympathetic system is 
indirect through ganglia, which break the conducting power of 
the nerves, or modify it, — probably both. 

Senso-motory properties, — Under ordinary circumstances, no 
act of volition or of the mind can induce movements in parts 
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supplied by the sympathetic ; but under peculiax circumstances, 
or under the influence of unusual stimuli, movements are 
induced. Thus the emotions and desires, shame or fear, influ- 
ence the movement of the heart and the contractile power of 
the capillaries, which an effort of volition cannot do. Such 
results are only explicable by the connection of the sympa- 
thetic system with nerves coming direct from the brain. Direct 
irritation of the sympathetic ganglia will also cause movements 
in the non- voluntary muscular parts receiving filaments from 
them. In the same way, for the most part, the internal organs 
and surfaces supplied by these nerves are not endowed with 
ordinary sensibility, and the mind is unconscious of their action ; 
but occasionally very severe pain is produced from their being 
the seat of disease, as in certain agonising pains of the heart 
(angina pectoris), in the intestines {colic), in the stomach, liver, 
kidneys, &c., &c. Thus, although in health, the sympathetic 
system so difliises the influences conducted, that they are not 
obedient to or excite mental acts, there is abundant proof that 
the cerebro-spinal filaments passing through the ganglia are 
constantly operating, although insensibly, in subjection to 
the cerebro-spinal centres. The ganglia, however, not only 
diffuse the influence of impressions coming from and sent to 
the cerebral and spinal centres, but they are nervous centres 
themselves, and especially centres of numerous reflex acts in 
non-voluntary muscles. 

Excito-secretory and excito-nutrient properties, — In addition to 
this excito-motory function of the sympathetic system, there is 
another of great importance, denominated by-Dr Campbell, of 
the United States, excito-secretory. We have previously seen, 
however, that secretion in glands is only a form of nutrition ; 
and the influence of this system would appear not only to be 
exerted on glands, but on blood vessels and nutrition generally. 
It is, therefore, also excito-nutrienty and carried on wholly inde- 
pendent of the cerebro-spinal system. Thus it has been shewn 
by Sir B. Brodie that division of the crural and sciatic nerves 
neither retarded nor impaired wounds and fractures of the in- 
ferior extremities ; while numerous experiments have proved 
that injury to the large sympathetic ganglia occasion the 
most destructive effects to the nutrition of the parts which re- 
ceive nerves from them. The experiments of Brown S^quard 
and Haarley on the supra-renal capsules, have shewn that it is 
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difficult to preserve animals if the semilunar or solar ganglion 
be much injured in the operation ; but if this be avoided, ani- 
mals can live without the supra-renal capsules for a length of 
time. Again, as illustrative of the general influence of the 
sympathetic system over nutrition, is the fact that certain 
foetuses have been bom with well-developed textures, without a 
brain or spinal cord, in the same manner that many of the lower 
animals are destitute of these organs. 

As local examples of this excito-secretory and excito-nutrient 
function of the sympathetic system of nerves, may be cited, — 
1st, The effusion of tears from the lachrymal gland on the appli- 
cation of an irritant. In this case the incident nerve is the 
palpebral branch of the fifth, and the excident or secretory the 
lachrymal branches from the carotid plexus. 2d, The secretion 
of saliva on irritation of the gums, or exciting the mouth by 
food and mastication. Here the incident nerves are the buccal 
branches of the fifth, and the excident or secretory the parotid 
branches derived from the carotid plexus. 3d, Dentition in in- 
fants and children give numerous examples of excito-secretory 
and excito-nutrient actions. Thus, from tender gums, and irri- 
tation of the dental branches of the fifth, the eye may become 
lachrymose and congested ; the Schneiderian membrane con- 
gested, and its secretion increased ; while diarrhoea is one of the 
most common symptoms. In these cases the excident nerves 
are derived from the ciliary and MeckeFs ganglia, distributed to 
the conjunctiva and Schneiderian membranes, and through the 
splanchnic, with the intestines. 4th, The process of lactation 
exhibits the remarkable influence of excitation applied to the 
sensitive surface of the nipple. This, when grasped and suction 
made upon it by the infant, not only occasions increased flow 
of milk, but causes that peculiar feeling of the rush which 
mothers describe, and which is apparently owing to congestion 
of the blood vessels. Keeping up the flow of milk by constant 
milking long after it is required for suckling, as is constantly 
done for domestic purposes among our cattle, is an excellent 
example of the power of exciting such secretions locally. 5tb, 
The secretion of starch from the liver, and its ready transforma- 
tion into sugar, is influenced by irritations of branches of the 
eighth pair in the lungs, and by direct injury of the pneumo- 
gastric nerves, through the sympathetic branches of the coeliac 
and solar plexuses going to the liver. 6th, The increased quan- 
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tity of urine often secreted, as the result of certain nervous irri- 
tations, especially in hysterical and excitable women, and which 
are only explicable as a result of reflex actions propagated 
through the ganglionic plexuses to the kidneys. 7th, The oc- 
currence of intestinal disorders must be attributed to similar 
causes, especially the diarrhoeas which follow exposure to cold, 
and the remarkable feeling of sinking and prostration to the 
economy which accompanies or follows colic, tormina, and other 
lesions of the bowels. 8th, The dissections of Dr Robert Lee 
have shewn a great development of the ganglionic system of 
nerves in the pregnant uterus, which would seem to govern not 
only its own increased growth, but by its influence over the 
vessels to regulate the nutritive supply of blood so necessary to 
the development of the foetus. 9th, The feeling of shock which 
follows an extensive or sudden injury, or a feeling of acute 
agony, seems to owe its general exhaustive efiects to the in- 
fluence of the ganglionic system. It was shewn by Wilson 
Phillip that the brain and spinal cord might be removed entire, 
if the operation were carefully performed, without inducing the 
sudden effects of shock. But that when any part of the body 
was violently contused, then the surface became pale and cold, 
the heart's action faltered, the pulse was small, and every 
symptom of depression was manifested. 

All these, and various other actions, are intimately connected 
with the influences of the ganglionic system of nerves over the 
blood vessels, which we have next to notice. 

Influence on animal heat. — Division of the sympathetic in the 
neck was observed to produce remarkable changes in the eye, 
especially redness of the conjunctive, contraction of the pupil, 
retraction of the eyeball within the eye, &c, by Parfour du 
Petit in 1727, by Dupuy in 1816, by Brachet in 1837, and by John 
Reid in 1838. In 1852 Bernard announced his discovery that, in 
addition to these phenomena, the operation caused great increase 
of animal heat on that side of the head on which the sympathetic 
had been divided ; and Brown S^quard shewed that galvanisa- 
tion of the sympathetic diminished the temperature, and pro- 
duced contraction of the arteries. 

The elevation of temperature commences immediately after 
the section of the sympathetic trunk, between the inferior and 
superior cervical ganglia, so. that not unfrequently in a few 
minutes a difference in temperature anounting to 4° or 5° cen- 
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tigrade exists between the two sides of the head, and is readiij 
appreciated by the hand. In rabbits these disappear in 15 or 
18 days, bat in dogs they continue six weeks or two months. 
After extirpation of the superior cervical ganglion the effects 
are more rapid, intense, and Listing. In a dog operated on bj 
Bernard, they were stiU very intense a year and a half after 
removal of the superior cervical ganglion. If the aTiim^tl re- 
main in good condition, no oedematoos or inflammatory action 
takes place. But should it fall sick or become exhausted, the 
nasal and ocular mucous membranes of the affected side become 
red and swollen, and discharge pus abundantly. These results, 
described by Dupuy, John Beid, and others, are not necessarily 
caused by section of the sympathetic, but by the debility of the 
animal. Bernard conclusively proved that this increase of 
temperature did not f oUow section of the sensory or motor 
nerves. Brown S^uard shewed that, when the cephalic end of 
the divided sympathetic nerve is irritated by a strong inter- 
rupted galvanic current, the phenomena caused by its section 
disappear. The pupil, from being contracted, becomes larger 
than on the sound side ; the eye, which was simken, projects 
from the orbit ; the vascular turgescence of the parts disappears, 
and their temperature falls below the natural standard. When 
the galvanic current is stopped, the phenomena produced by the 
section reappear, and on its renewed application are again 
dispelled. 

These remarkable effects are attributable to section of the 
sympathetic nerves, causing paralysis, relaxation, and congestion 
of the blood vessels, whilst irritation of the nerve induces their 
contraction, and a diminished flow of blood. 

The vast importance of these facts in explaining the cause of 
uimierous important diseases must be obvious. Thus fevers are 
ushered in by a feeling of cold or rigor, and followed by increase 
of heat, indicating irritation, and then paralysis of the sympa- 
thetic system of nerves. In inflammation there is added to 
mere vaso-motor phenomena some lesion of the excito-nutrient 
nerves, causing exudation from the blood vessels. In cholera 
there is prolongation of the cold or algide state, hence the pallor 
and blueness of the surface, and the congestion and enormous 
discharges from the gastric aud mucous membranes. To these 
are superadded the excito-motory actions of cramp and spasms. 
Numerous other equally important examples might be added. 
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It follows that the functions of the sympathetic system 
of nerves are — 1st, Excito-motory, thereby regulating the con- 
tractions of the non- voluntary muscular fibres ; 2d, Exdto- 
secretory, whereby the various secretions are governed ; 3d, 
Exdto-nutrient or vaso-motor, operating more especially on the 
blood vessels, and thereby regulating the circulation in the 
capillaries, and the amount of animal heat. 



Special Senses. 

The nature of sensation has already been dwelt upon ; and 
it has been shewn to depend essentially on the existence of 
mind, or the consciousness of impressions made on the sensitive 
nerves. Perfumes do not exist in flowers, heat in fire, nor 
sound in a musical instrument. It is the effect produced on our 
minds through the senses that call such sensations into exist- 
ence. The impressions which result from the stimuli of odours, 
sapid bodies, contact of hard or irritating substances, of light 
and of sound, however, are different. For the reception of these, 
nerves with peculiar endowments are provided ; and to them 
are added a special structure or organ adapted for the purposes 
of smell, taste, touch, vision, and hearing. It is possible, as 
previously noticed (p. 286), that there may be tubules possess- 
ing endowments for conveying influences from other impres- 
sions than those just referred to, but these are not yet known. 
Hitherto many distinct sensations have been considered as only 
varieties of one sense, such as with regard to touch, those of 
pressure, tickling, pain, cold, warmth, smoothness, roughness, 
hardness, softness, &c. So with the widely different kinds of 
smell, taste, sounds, and ocular images. In a case of partial 
paralysis under my care, it was distinctly proved that the in- 
dividual was insensible to cold applications, while warm ones 
were inmiediately recognised ; and there are individuals in like 
manner who can readily detect some smells, tastes, sounds, and 
colours, while they cannot distinguish others. Again, the sen- 
sations of hunger and thirst, of weariness and sickness, cannot 
be referred to any of the five recognised senses. These facts 
point to the existence of additional endowments in certain 
nerve tubules as distinct from each other as those which are 
capable of transmitting the influences produced by Ught or 
sound. 
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SmdL, 

The material cause of odours is the presence iu the air 
of substances in an extremely fine state of division, or gase- 
ous matters, often of a very subtle description. According to 
Professor Graham, '* odorous substances are in general such as 
can be readily acted on by oxygen. For example, sulphuretted 
hydrogen, one of the most intense of odours, is rapidly decom- 
posed in the air by the action of the oxygen of the atmosphere. 
In like manner the odorous hydro-carbons are all oxydisable — 
the ethers, alcohol, and the essential oils that make aromatic 
perfumes. The gases that make no smell are not acted on by 
oxygen at ordinary temperatures. The marsh gas, carburetted 
hydrogen, is a remarkable case in point. This gas has no smell. 
As a proof of the absence of the oxydisable property, Professor 
Graham has obtained a quantity of the gas from the deep mines 
where it had lain for geological ages, and has found it actually 
mixed up with free oxygen, which would not have been possible 
if there had been the smallest tendency for the two to combine. 
Again, hydrogen has no smell, if obtained in the proper circum- 
stances. Now this gas, although combining with oxygen at a 
sufficiently high temperature, does not combine at any tempera- 
ture endurable by human tissues. It is further determined 
that, unless a stream of air containing oxygen pass into the 
cavities of the nostrils along with the odoriferous effluvium, no 
smell is produced. Also, if a current of carbonic acid gas ac- 
companies an odour, the effect is arrested. These facts go to 
prove that there is a chemical action at work in smell, and that 
this action consists in the combination of the oxygen of Jthe air 
with the odorous substance."* 

All animal effluvia are dense gases (except sulphuretted hy- 
drogen), and are diffused slowly. In course of a little^time they 
will mingle with the lighter gases, according to the law of dif- 
fusion, but inasmuch as they thereby become diluted, the odour 
will best be perceived somewhere near the ground. It is on 
this account that the pointer and bloodhound run with the nose 
to the ground. The effluvia from decaying matter will be smelt 
in the ground floor, scarcely perceived by the persons in the 
first floor, and perhaps not at all in the garrets. Hence, it is 
thought, the danger of lying on the ground in tropical swamps, 
'* Bain on the Senses and the Intellect, p. 163. 
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while suspended on poles or from a tree in a hammock, a 
person may pass the night in safety. In Naples, where the 
soil is volcanic, and the air tainted with impleasant smells, the 
better class of inhabitants live in the upper stories. 

To cause smell, all odorous substances must be transmitted in 
a current over the membrane on which the olfactory nerve is 
ramified. This, in animals who live in air, is accomplished by 
the respiratory movements ; and hence suspension of respira- 
tion prevents the perception of odour, or sense of smell, whilst 
repeated quick inspirations, as in the act of sniffing^ renders it 
more intense and prolonged. On this account the sense of smell 
has been considered an appendage to the function of respira- 
tion, as that of taste is an appendage of the function of diges- 
tion. This view is supported by the fact that the mucous 
surface of the nostrils, like that of the respiratory apparatus, is 
covered with columnar ciliated epithelium. The acuteness of 
scent varies in different animals, and bears a certain relation to 
the size of the nostrils and turbinated bones, being greater 
where these are large and extended. 

Histology of the organ of smell. — The olfactory bulb, according 
to Lockhart Clarke,* is a remarkable ganglion, composed of 
various layers of nuclei, multipolar cells, and nerve tubules, 
terminating in a ciliated epithelial surface in the centre, where 
there exists a cavity or ventricle. The nerves also sent through 
the cribiform plate of the ethmoid bone terminate in an epithe- 
lium of a sepia brown colour (Todd and Bowman), which covers 
the deep-seated portions of the turbinated bones, and the upper 
third of the septum of the nose. They consist of gelatinous 
nerve fibres, with nuclei embedded in them, and towards their 
external extremities give off lateral fine-branched filaments 
before connecting themselves with the epithelium. This con- 
sists of flat nucleated plates, figured by Eckar (Plate XVI. 
figs. 4 and 5), Clarke, and Schultze, containing finely-molecular 
matter, sometimes ending abruptly (Fig. 5), at others having 
cilia at their free surfaces (Schultze). It is necessary that the 
mucous surface covering the expansion of the olfactory nerves 
should be moderately moist ; for if it be too dry on the one 
hand, or too moist on the other, the sense is impaired or lost. 
The ducts of the mucous glands, therefore, pass freely between 
the epithelial plates, and diffuse mucous over the surface. (See 

* Zeitschrift f. Wissesaft. Zoologie, bd. xi. heft. 1. 

k 
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Fig. 4. dy e.) The situation of the sensitive surface high up in the 
nostrils secures it from the direct contact of air, so as to prevent 
rapid evaporation and dryness ; while the convolutions of the tur- 
binated bones, over which the currents of air pass before reaching 
the seat of special sense, communicate heat to them, and thus 
prevent the action of cold. The peculiar structure described, 
induced Todd and Bowman to suppose that the olfactory bulbs 
received the influence of impressions in the same manner that a 
nervous centre or gangUonic plexus does, — ^that is, at once and 
at first hand, — so that the mind becomes cognisant of them 
without their being conducted by means of white substance to 
the brain. This idea, though ingeniously derived from the 
histological arrangement, is opposed to the fact that smell has 
the same connection with mind as all the other sensations. 

Pathology, — ^The sense of smell may be exalted, perverted, or 
lost. It is apparently increased by education, of which the case 
of James Mitchell is an interesting example. This boy was 
bom blind, deaf, and dimib, and chiefly depended on smell for 
keeping up a connection with the external world. He employed 
it on all occasions, like a domestic dog, i^ distiuguishing persons 
and thitigs. In some cases, smell is exceedingly acute for parti- 
cular substances, so as to be intolerable and distracting to those 
who suffer from it. Certain flowers, or particular odours, have 
in this way caused faintiug or other bodily disorder. In other 
cases the smell is perverted or diminished, and occasionally is 
lost, as when the Schneiderian membrane is inflamed. Good 
relates the case of a lady who never possessed the faculty of 
smelling, a defect supposed to depend on congenital absence 
of the olfactory nerve. Of this, examples, foTind after death, 
are recorded by Cerutti, Pressat, and others. In a similar 
observation by Bernard in a woman, it was asserted after 
her death, by those who knew her intimately, that she smelt 
perfectly well.* 

In recent times it has been strongly maintained that certain 
smells, and the emanations that give rise to them, are the cause 
of wide-spread and dangerous epidemic diseases. The causes 
of these, in truth, are very obscure, and nothing therefore is 
easier than to attribute scarlatina, typhus and typhoid fevers, 
diphtheria, &c., to some smell inherent in the natural evacua- 
tions from plants and animals, or resulting from their putre- 

* Systeme Nerve ix. torn. ii. p. 232. 
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faction. The following considerations, therefore, may be valuable 
in a sanitary point of view. 

I. Many places with strong odours have been proved never to 
produce disease. — This has been shewn — 1. In the perfumed 
plains near Cannes, Nice, &c., where flowers are largely cultivated 
to produce distilled fragrant essences. 2. Formerly at Mont- 
faucon, in Paris, and at present in the Forest of Bondy, where 
the sewage of Paris is manufactured into povdrette^ the smell 
was and is intense, and has often been complained of as a nuis- 
ance, but at no time could it be shewn to have originated disease. 
3. The Thames, in 1858, in consequence of its disgusting putrid 
odours, was loudly complained of, but no disease was caused by 
it. 4. The Craigintinny meadows, near Edinburgh, have for 200 
years been rendered fertile by causing the drainage of the city to 
flow over them. The odour is often very bad, but they occasion 
no unhealthiness. 5. The drains in Naples run down to the sea, 
having large slits in them opening into the streets, and the 
beautiful bay is rendered foul, close to the shore, with the drain- 
age of the city. This, combined with the sulphuretted hydro- 
gen given off from the volcanic soil, renders the atmosphere so 
unpleasant, that the rents of the dwellings, unlike what exists 
in other cities, augment as the apartments ascend in the stair. 
The Uxtrines in the public hospitals also exhale the most foetid 
ammoniacal gases. Notwithstanding, neither in the city nor 
the hospitals is fever, and especially typhoid fever, so common 
as in other cities of the same size. 6. Drs Livingstone and 
Kirk informed me that in Africa the smell of the mangrove 
swamps was often intolerable, but were never productive of 
disease. 

II. Atmospheric avr^ prodvuetive of the most dangerous epidemics^ 
may he quite inodorous, — This has been proved in various parts 
of the world, as in the marshes of Essex and Lincolnshire, the 
low grounds of Holland, the Campagna of Home, the Delta 
of the Ganges, the swamps of Louisiana, the Guinea coast, 
Jamaica, and many other places. It has never been known that 
those who catch intermittent, remittent, or continued fevers, on 
visiting such localities, have connected the morbific causes with 
peculiar smells. It follows that — 

III. There is no necessary connection between smells and dele- 
terious gases. — Some of these have smells, such as sulphuretted 
hydrogen, whilst others are inodorous, such as carbonic acid 



332 THE NER VO US S YSTEM. 

gas. Now, it is to be observed, that what makes these and 
other gases injurious, is their being so concentrated as to ex- 
clude atmospheric air, or their being pent up in confined 
places, from which they cannot escape. Hence why work- 
men going down into pits expire, for the same reason that 
dogs do in the Grotto dd Cano, It has been asserted, however, 
that smells, though not injurious in themselves, give indications 
of danger. At a discussion on this subject, which took place 
in the Physiological Section of the British Association in 
September 1864, one chemist maintained that, during putre- 
faction, the smell was given off first, and the noxious vapour 
afterwards ; whilst another declared that the smell was given 
off last, and was the proof that all danger had ceased. The first 
likened smell to the tail of the lion, which, when seen, gave 
evidence that the claws and teeth were not far off ; while the 
second, continuing the simile, declared that a sight of the tail 
was the best evidence that danger was departing. I do not 
believe that smells, as smells, are injurious to health, nor are 
they a nuisance to those who Hve among them, as the sense is 
most readily paralysed; yet, one of the great difficulties in 
making the sewerage of towns useful in agriculture, has arisen 
from exaggerated notions as to the danger of smells, and the 
necessity of deodorisation. 

Taste, 

This sense is dependent on the fifth and glossopharyngeal 
nerves, — the former distributed to the two anterior thirds, and 
the latter to the posterior third of the tongue. The experiments 
of Stich and Kllaatsch* shew that the sense of taste exists over 
the whole surface of the posterior third of the dorsum of the 
tongue, on the under surface of the tip, and in a band or line 
about one quarter of an inch broad, running along its edge. 
The sense is also well defined in the posterior parts of the hard 
palate, and in that portion of the soft palate which is near the 
bone. It is, further, present in the anterior pillars of the 
fauces. The middle and anterior part of the dorsum, the gums, 
posterior pillars of the fauces, and the inner surface of the lips, 
possess no sense of taste. 

Histology of the organ of taste, — The tongue is covered over 
with minute papillae, described by Todd and Bowman, which, 
♦ ArchT. f. Path. Anat., bd. xl 1858, p. 225, and bd. xviii. p. 80. 
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when magnified, present four principal forms, viz., — Ist, Simple 
papillse, which are scattered over the general surface of the 
tongue. They are buried in the contiuuous sheet of the 
epithelium, and present the general characters of the cutaneous 
papillse ; 2d, Conical or filiform papillae. These project from 
the surface, and are furnished with long, pointed processes, 
some of which approach hairs in their stiffness and structure 
(Plate IX. fig. 8, a, 6, c) ; 3d, Fungiform papillad are scattered 
singly over the tongue, chiefly upon its sides and tip. They 
vary in number, from 160 to 290. (Szabadfoldy.) They pro- 
ject considerably from the surface, are usually narrower at their 
basis than at their surface, and exhibit numerous simple papillsa 
on their surface. (Plate IX- ^^. 8, jo.) They contain a com- 
plex capillary plexus (Fig. 9 and Plate XI. fig. 14), among 
which lie the terminal loops of the nerves ; and 4th, Circum- 
vallate or calciform papillas. These are 8 or 10 in number, and 
are situated in a Y-shaped line at the base of the tongue. Each 
consists of a central flattened circular projection of the mucous 
membrane, surrounded by a ring of similar elevation, from 
which it is separated by a depression or fossa. The surface of 
both centre and surrounding ring is smooth, and covered by 
scaly epithelium, in which are embedded a multitude of simple 
papillae. A vertical section exhibits the structure represented 
Plate IX. fig. 7. It is supposed that the two former are more 
especially concerned in the sense of touch, with which the tongue 
is also highly endowed ; whilst the two latter, but particularly 
the last, constitute more especially the apparatus of taste. 

According to Todd and Bowman, the filiform papillae, from 
their isolation and partial mobility upon one another, must 
render the delicate touch with which they are endowed more 
available in directing the muscular actions of the tongue. 
Sapid bodies pressed against the fungiform and circumvallate 
papillae give rise to impressions which, when transmitted 
to the brain, occasion the peculiar sensation of taste. The 
sense is more acute in some persons than in others ; may 
be intensified by education, as is remarkably well observed 
in wine tasters ; and is diminished or lost in febrile or other 
disorders which alter the condition of the mucous surface of 
the tongue and mouth. It is intimately connected with, and 
modified by, the sense of smell, so that closing the nostrils 
diminishes and often destroys that o£ taste. The pungent sen- 
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sations caused by mustard, pepper, &c.y are owing to the 
excitation of touch, and should be separated from those of taste. 
Like that of smell, the sensation of taste is soon paralysed, 
though not so readily. On repeated sipping of a high-flavoured 
wine, it ceases to be tasted, until the function be removed by 
eating a little cheese or other flavoured substance. 

There can be no doubt that the tongue furnishes us with a 
proof that the same nerve which administers to ordinary sensi- 
bility, or the sense of touch, also communicates special sensibility, 
or that of taste. What, however, is more difficult to explam, 
is, that while the one sense may be paralysed, the other may 
remain perfect. Several cases demonstrate this. Thus, a lady, 
observed by Mr Noble, had half the tongue insensible to or- 
dinary physical agenta A knife placed in boiling water, and 
laid horizontally on the tongue, was only felt on the right side. 
The left side, when wounded by a lancet, caused no feeling of 
pain. The patient could distinguish on both sides with equal 
delicacy bitter, sweet, and saline substances. An ingenious 
experiment gave at once the double demonstration of loss of 
tactile sensibility and preservation of special sensibility. The 
tongue having been thrust out of the mouth, a piece of salt and 
a piece of sugar were allowed to fall separately on the right and 
left side. The shock and the contact were felt on the right side 
only, but when the substances began to melt, the taste was felt 
at once on both sides.* Vogt, Bernard, and others, have 
described similar facts, which support the conclusion that some 
other nerve must be connected with the special sense-— supposed 
to be the Chorda Tympani, (See p. 319.) 

Touch, 

This sense is dependent on the nerves of common sensi- 
bility distributed to all parts of the surface. But here also 
we observe that a distinct structure is necessary for the mani- 
festation of the peculiar property. 

Histology of the organ of touch, — ^This consists in the papilla 
of the true skin, which are variously modified in different parts 
of the body, in proportion to the acuteness of the sense. In 
the papillae of the fingers and a few other places, minute in- 
durated bodies of condensed fibrous tissue were discovered by 

• Qaz. Med., 18S5, p. 103. 
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Wagner, called touch bodies (Plate XVI. fig. 10), which have 
been supposed capable of rendering this sense more acute. 
They are in immediate relation to a nerve ; and the well-known 
effects of pressing such nerve against a hard body, as in the 
case of a com, may well be supposed capable of exalting the 
sensibility. It was supposed by Wagner that the papillae 
which contain these "axile bodies" were different as regards 
vascularity from others which only contain capillarjf loops, such 
as those on the lips (Plate XI. fig. 10). But no such distinction 
between nerve papillad and vascular papillad in truth exist, the 
two textural elements mingling together in varied proportions. 
The Pacinian bodies are also composed of concentric circles 
of fibrous tissue forming an indurated body, in the centre of 
which a nerve terminates (Plate XVI. figs. 8 and 9). They are 
most common in the mesentery, especially of the cat, and Krause 
supposes they are connected with the mechanism and arrange- 
ment of the viscera required by that animal in the act of 
springing.'*^ Though touch may be intensified, it cannot be said 
to be dependent on these bodies. 

Weber and Valentin have made numerous experiments with 
a view of determining the amount of tactile sensibility in the 
skin at different places. These consisted in touching the skin, 
while the eyes were closed, with the points of a pair of compasses 
sheathed with cork, and in ascertaining how dose the points of 
the compasses might be brought to each other and still be felt 
as two bodies. This point was termed by Dr Graves, " the 
limit of confusion." The results were, that the extremity of 
the third finger and the point of the tongue are the parts most 
sensitive, as in these places the difference of half a line could be 
distinguished. Next in sensitiveness to these is the mucous 
surface of the lips, where the two points of the compasses can 
be perceived when separated to the distance of about a line and 
a half. On the dorsum of the tongue they require to be sepa- 
rated two lines. The parts in which the sense of touch is least 
acute are the neck, the middle of the back, the middle of the 
arm, and the middle of the thigh, where the points of the com- 
passes must be separated to the distance of thirty lines in 
order to be distinguished. Weber and Valentin have each 
given elaborate tables shewing these parts with others exhibit- 
ing the intermediate amount of tactile sensibility over the 

* Zeit. f. Rat. Med., bd. xvii. p. 278. 



336 THE NERVOUS SYSTEM. 

-whole surface. Generally speaking, the trunk is more sensitive 
in the medium line, both before and behind, than at the sides. 
Some persons distinguish the points of the compasses at one- 
half or one-third the distance than others can. Czermak, also, 
has pointed out that certain individuals can recognise the points 
more readily if they are applied one after the other rather 
than applied together, although more closely approximated. 
When the skin is stretched, the delicacy of touch is diminished. 

We have already referred to the variety of feelings which 
may be excited by the sense of touch (p. 327), such as pressure 
or resistance, tickling, pain, cold, warmth, smoothness, rough- 
ness, hardness, softness, &c., and pointed to the probability that 
this may depend upon different tubules possessing different 
properties, Weber* made many experiments with regard to 
temperature. In three cases where the skin was destroyed by a 
burn, heat and cold could not be distinguished over the denuded 
surface. According to Northnagel,t slight differences in tem- 
perature are most easily recognised between 80® and 91° 
Fahr. The eyelids, cheeks, and temples, can distinguish varia- 
tions amounting to not more than from 0.4° to 0.2° C. The 
hand and finger are about equally sensitive, but are less so than 
the forearm, and this again is exceeded by the upper arm, which 
can distinguish a difference of 0.2° C, and the same holds good 
of the foot, leg, and thigh. Increase of cold or heat beyond 
certain limits causes pain, and not a sense of temperature, and 
this pain is much the same whether caused by one or the 
other, as is often experienced in toothache. It has also been 
ascertained that below the skin the trunks of the nerves cannot 
recognise heat and cold, any more than the optic nerve, after 
leaving the retina, can be stimulated by light. 

The power we possess of referring sensations to different 
parts of the surface is very much the result of education, and is 
obtained during infancy and childhood. Anything that inter- 
cepts the ordinary course of events, does not at once intercept 
our power of mentally associating the sense of touch with 
various organs. Thus pain in the stump of an amputated limb 
is still referred to the toes, and (why) if we cross our fingers, 
and touch rapidly in succession a round object with both, we 
feel apparently two bodies instead of one. 

♦ Muller's Archiv. 1849, Heft. iv. s. 273-288. 
t Deutsch ArchiT. f. Klin. Med., Bd. ii. p. 284. 
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Touch, like the other senses, is capable of being greatly im- 
proved, and intensified by practice, of which the well-known 
power of distinguishing objects and of reading by raised letters 
possessed by the blind, is an example. Professor Saunderson of 
Cambridge, who lost his sight when two years old, could dis- 
tinguish by this sense genuine medals from imitation ones. 
Other blind men have, by their exquisite touch, been enabled 
to become sculptors, conchologists, botanists, &c. 

Sight or Vision, 

This sense is dependent on the optic nerve, and a very com- 
plex apparatus, consisting, in man, — 1st, Of external protective 
parts ; 2d, Of a set of muscles destined to move the organ of 
vision in various directions ; 3d, Of the expansion of the nerves, 
and the addition of a ganglionic structure, whereby the rays of 
light are received, and the influence of the impressions they 
excite conveyed to the brain ; and 4th, Of an optical apparatus, 
consisting of transparent media, which refract the rays of light 
upon the retina. The eyeball itself consists of an external 
fibrous coat, a middle or vascular coat, an internal or nervous 
coat, and of contents composed of refractive media, a minute 
description of which is purely anatomical. AU that need be 
referred to here is the special functions and histological structure 
of the individual parts of the eye, together with a consideration 
of the whole organ in relation to vision. For a clear apprecia- 
tion of this subject, a knowledge of the physical laws connected 
with light is essential. (See p. 134.) 

1. The external ^protective parts ^ composed of the eyebrows, the 
eyelids, and eyelashes, serve to shade the eye from excess of 
light ; to dijQTuse over the cornea the sebaceous matter and lac- 
rymal fluid, whereby the surface is kept ductile and moist ; and 
lastly, to prevent the access of dust floating in the atmosphere. 
These different actions are for the most part involuntary, and 
carried on partly by the cerebro-spinal, and partly by the gan- 
glionic system of nerves performing excito-motory, excito-secre- 
tory, and excito-nutrient functions. The watery fluid secreted 
by the lachrymal gland, and which is diffused over the anterior 
surface of the eye by the motion of the lids, keeping it moist 
and translucent, is conducted by two openings in the inner 
comer of the eye through the lachrymal duct into the nose, from 
whence it is discharged. 
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2. The eye-hall has a remarkable amount of mobility, in con- 
aeqaenoe of six mnsdes, fonr straight and two oblique, which 
act upon it in Yarions ways. They are supplied by the third, 
fourth, and sixth pairs of motor nerres, and by a sensitive 
branch of the fifth pair. The object of so many nerves being 
distributed to them seems to be the correction or prevention of 
the simultaneous action which would take place in the two eyes 
if all their muscles were supplied by branches of the same nerve. 
Thus, in turning the eyes outwards, the third nerve acts in the 
one eye, and the sixth in the other. If the same nerves were 
stimulated in both eyes, they would be both turned either out- 
wards or inwards. The action of these muscles, and its amount, 
can be well studied by means of the opthalmotrope of Eeute 
(Phite XXL fig. 23). (See Practical Physiology.) 

3. 27ie retina, — ^The optdc nerve, on entering the eyeball, is 
a little compressed, but on reaching the internal surface, divides 
into minute branches which inosculate together to form a mem- 
brane. (See Plate XYI. fig. 6, i,) On the ioside of this mem- 
brane is placed a layer of ganglionic cells (Fig. 6, A) embedded 
in molecular matter, which send off processes, chiefly outwards. 
These two layers contain a vascular plexus of capillaries derived 
from the arteria centralis retince. Immediately external to the 
ganglionic layer is a fine molecular layer — the vesicular layer 
of Bowman (Fig. 6, ^), and outside this is a granular layer (Fig. 
6, d), succeeded by another molecular layer — ^the membrana/ene- 
strata of Krause (Fig. 6,/). Outside this is a second granular 
layer which sometimes presents a striated appearance (Fig. 6, c) ; 
and lastly, most external and dose to the choroid membrane, ia 
the bacillary layer, or membrane of Jacob, composed of rods and 
cones (Figs. 6, a, 6), standing vertical to the retina, and com- 
posed of a structureless transparent substance resembling glass 
in appearance. The rods, which are external, and cones, are 
each composed of an outer and of an inner segment, which are 
separated from one another by a bright transverse line (Fig. 6, 
B, b, Cy and C, a). The former have their thickest portion or 
shaft directed outwards, whilst with the latter it is the reverse, 
their broad bases resting on a thin membrane, called the external 
limitary membrane. According to KoUiker, the cones contain 
a nucleus, and are therefore elongated cells. These different 
layers are connected together by continuous filaments, running 
from the rods to the internal limitary membrane which is in 
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immecliate contact with the vitreous humour. (Fig. 6, A, v») 
These are the fibres of Muller. (See Fig. 6, B and (7.) The 
whole retina is transparent, and the rays of light pass completely 
through it back to the choroid membrane, and are reflected by 
the rods of Jacob's membrane, forwards to the sensitive branches 
of the optic nerve, which convey the influence of the impressions 
so excited to the braiu, to produce the sense of vision. This 
appears to be demonstrated by two facts : 1st, That at the point 
where the optic nerve enters there are only nerve tubules, and 
none of the ganglionic layers or rods, and this point is insensible 
to light. 2d, That in the forameu of Soemmering in the axis of 
vision, the branches of the optic nerve and internal layers are 
absent, but the layer of rods and cones exist, and here sensibility 
to light is most perfect. The bacillary membrane would appear, 
therefore, to be the essential portion of the retina. 

For the method by which the retina may be examined in the 
living subject, by means of the opthalmoscope, see Practical 
Physiology. 

4. The optical, apparatus consists of four lenses of different 
structures, densities, and curves, filling up the substance of the 
ball, and forming, with the strong external case or sclerotica, 
and the choroid, a perfectly achromatic camera obscura. 

Cornea, — The most anterior of these lenses is the cornea, 
composed of condensed epidermis resembling horn ; and hence 
its name. A vertical section through this structure exhibits 
(see Plate XYI. &g, 12), 1st, An external layer of nucleated 
epithelial cells forming the conjunctiva (Fig. 13 a) ; 2d, A clear 
structureless firm membrane, the anterior elastic lamina (Fig. 
12, 6) ; 3d, A laminated structure, the edges of which resemble 
fibres, with fusiform spaces or lacunas communicating with each 
other, and attached to the anterior elastic lamina by crossed 
fibres (Fig. 12, c) ; 4th, Another structureless firm transparent 
membrane, the posterior elastic lamina (Fig. I2yd); and lastly, 
and most internally, a delicate layer, having a single layer of cells 
embedded in it — the membrane of Descimet. The cornea is fur- 
nished with a vascular zone of capillary vessels round its external 
margin, the larger central portion being non- vascular. Bundles 
of fine nerve tubules also proceed from the circumference, and 
form a wide-spread plexus through its substance. 

Aqueoiu humour, — ^The second lens, proceeding backwards, is 
composed of a watery fluid, or aqueous humour, principally 
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accumulated between the cornea and the iris. It contains in 
solution a minute quantity of chloride of sodium and extractive 
matter, but no structural element. 

CrystaUt7ie lens, — The third lens is the crystalline — one of the 
most remarkable bodies in nature. It is of a bi-convex form, 
the posterior convexity being the greater, and is enclosed by a 
structureless capsule, lined by a delicate epithelium, the anterior 
wall being four times thicker than the posterior. The substance 
is composed of concentric laminae, like those of an onion, united 
by serrated or notched surfaces, and increasing in density from 
the circumference to the centre. The external layer consists of 
transparent nucleated cells, which, after death, soon become 
loaded with water. (Plate XVI. fig. 7, a.) A thin section of the 
lens causes the edges of the laminse to appear as notched fibres, 
the serrated margins varying in depth in different animals. 
(Fig. 7, by c, d.) The edges of the laminae or planes, as was 
described by Sir David Brewster, terminate in a stellate or 
triangular notch, anteriorly and posteriorly, the former having 
an intermediate position to the latter. 

The vitreous humotir, — The fourth lens, or vitreous humour, 
is of gelatinous consistence, fills up the large proportion of the 
ball, and appears to be a watery fluid inclosed within fibrous 
meshes of the greatest tenuity and fineness. After long steep- 
ing in chromic acid, Hannover shewed that in a vertical section 
a number of rays proceed from the centre to the circumference, 
resembling an orange laid open. In the fresh eye nothing is 
perceptible by a structureless gelatinous, or, as some call it, 
mucous substance. 

These homy, watery^ glassy, and gelatinous lenses, united, 
fulfil all the conditions optically required to produce achro- 
matism so perfectly as to set the optician's art at defiance. 

The choroid. — The eyeball is liued by a black opaque mem- 
brane, the choroid, to absorb unnecessary rays of light, placed 
immediately behind the vitreous humour. Posteriorly it con- 
sists of hexagonal pigment cells (Plate III. fig. 27, c), which 
become fusiform and branched anteriorly. Immediately be- 
hind the pigment cells is a rich plexus of capillary vessels 
presenting a peculiar and characteristic stellar arrangement 
{Tunica Ruyschiana). In connection with this membrane is the 
tapetum, in certain mammalia, a fine fibrous structure which 
strongly refracts light ; the pecten in birds and the choroid 
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glsmd in fishes. This membrane must be important in rendering 
vision distinct, as in Albino's, where it is deficient, a strong 
light causes confusion of sight. Draper supposes that the 
choroid absorbs the heat or calorific ray of light, and has its 
temperature raised in proportion to the intensity of the colour. 
It is in this local disturbance of temperature, he thinks, the 
act of vision commences. 

The Iris possesses two sets of non- voluntary cod tractile fibres, 
composed of fusiform cells, with staff-shaped nuclei. The cir- 
cular are internal, and immediately surround the perforation in 
its centime, or the pupil. The radiating fibres are external. The 
action of the former contracts, and of the latter dilates, the 
pupil. The contraction of the annular fibres is under the con- 
trol of the third pair of nerves, while that of the radiating fibres 
is formed by the cervical portion of the sympathetic (Budge and 
Waller). The movements of the pupil must be regarded in their 
nature as reflex, the incident nerves being the optic, the exci- 
dent the third pair, having the opthalmic ganglion as their 
centre. Contraction of the pupil may also be induced by squint- 
ing inwards, by strong accommodation of the eyes for near ob- 
jects, and by certain poisons, as opium, tobacco, and the Calabar 
bean. The direct action of light produces the same effect as was 
long ago shewn by Mr "Walker, of Manchester, in persons 
affected by double cataract. Brown S^quard has further proved 
that light and an increase of 50° or 60° temperature Fahrenheit 
causes contraction in the pupil, when the posterior part of the 
eye has been cut off. It may be also seen in eyeballs cut out 
from a living animal, proving that such motion is not only 
reflex, but may result from the direct action of light. Dilata- 
tion of the pupil is caused by accommodation of the eye to 
distant objects, and by belladonna and its alkaloid atropine. 

The action of the pupil is most important in securing distinct 
vision, as the amouDt of light entering the eyeball is thereby 
regulated, superfluous rays excluded, and divergent ones cut off. 
Paralysis of the iris by belladonna causes dimness of sight, and 
optically, as is well known, too much or too little light inter- 
feres with the production of a clear image. 

In regarding the entire eye as an organ of vision, there are 

various poiuts which demand consideration. Among these are — 

1. The accommodation of the eye» — The means by which the 
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apparatus is so readily accommodated to various distances. On 
this subject numerous theories have been advanced, all of which 
answer the purpose, if the truth of certain data be granted. It 
has been supposed that the curvature of the cornea is changed 
(Kamsden, Home) ; but this has not been demonstrated. It 
has been thought that the lens is drawn forward by a contrac- 
tile non- voluntary muscle, — the ciliary muscle (Crampton, Bow- 
man), — or is pushed forwards from behind by the turgidity of 
the ciliary processes ("Wallace, Alison). Some have thought 
that the contractions of the iris have much to do with the focal 
adaptation of the eye (Knox, Brewster) ; and others, that it is 
owing to the pressure on the eyeball of the external muscles 
which move it (Arlt). The question is now completely an- 
swered. Cramer * pointed out that when the light, say of a candle, 
is placed at a certain angle before the eye, three images are visible. 
The first, seen upright, reflected from the cornea, the second also 
upright, reflected from the anterior surface, and the third in- 
verted, reflected from the posterior surface of the lens. On 
accommodating the eye to a distant object, a considerable space 
exists between the first and second image (Plate XXI. fig. 24), 
which may be seen to be diminished when the eye is accommo- 
dated to near objects, by the advance of the second image to- 
wards the first. (Plate XXI. fig. 25.) It was clear, therefore, 
that the change was owing to an increased curvative in the 
anterior portion of the lens. Helmholtz also pointed out that 
the third image also underwent a very slight diminution in size, 
and that the |>osterior surface of the lens undergoes a little in- 
crease in convexity. The latter distinguished physiologist has 
constructed an instrument, the OpthaZmometer (Plate XXI. fig. 
24), which enables us to measure, with mathematical exactitude, 
the magnitude of the reflected images, their amount of deflec- 
tion, and the extent of the increased convexity of the lens-f 
The cause of accommodation is, therefore, fully demonstrated. 
(See Practical Physiology.) The increased convexity of the 
lens cannot be caused by the contractility of the iris, as in the 
case of Graefe, J where that membrane was wholly removed by 
operation, the power of accommodation remained ; it follows, 
therefore, that the change must be caused by the pressure occa- 
sioned by contraction of the ciliary muscle. 

• Het Accommodatle, Vermogen, Physlologisch Toegellch. Haarlem, 1858. 

t Physiologische Optik, 1858. 

t Archiv. f. Opthalmologie, B. vii. 
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2. The natural power of adaptation is interfered with in 
myopia^ or short-sightedness ; in presbyopia, or long-sighted- 
ness ; and in amMyopiay or a peculiar dimness of vision. The 
first is owing to too great curvature of the lenses, and is cor- 
rected by concave glasses in spectacles ; the second is produced 
by too little curvature of the lenses, and is corrected by convex 
glasses in spectacles, — ^this condition has been called by Bonders 
Hypermetropia ; the third is owing to altered shape or oblique 
position of the lens, and is corrected by the use of cylindrical 
glass lenses. 

3. Colour-blindness, — Another perversion of vision consists of 
what is called colour-blindness, or Daltonism. Some persons 
cannot distinguish colours at all, everything appearing shadowed 
or light, like an engraving. Others cannot see brown, gray, or 
neutral tints ; whilst a third class confound red, blue, and yel- 
low with green, purple, orange, and brown. Eed, blue, and 
yellow are never confounded with each other ; but red and 
green are most commonly so, — a matter of great importance to 
railway travellers, as at night the red light is the signal of dan- 
ger. This condition may be dependent on some fault in the 
nerves of vision, possibly in the retina, and more especially 
in the refractive rods ; or it may be owing to some change in 
the refractive media or lenses. But the theory is not yet 
determined. 

4. Position of objects. — All objects refracted on the retina 
are inverted, and yet we see them in their natural position. To 
explain this fact, it has been supposed that during infancy this 
sense, with all the others^ undergoes a slow education, and that 
one, so corrects the aberrations of the others, that gradually we 
learn to recognise things as we do (MUller, Volkman). The 
same explanation applies to a perception of the shape, size, and 
distance of an object. The case of Cheselden, who operated on 
a young man successfully who had been bom blind, in conse- 
quence of congenital cataract, contains many facts in favour of 
this view. On the other hand, it has been urged that there is 
no reason why the mind should not perceive correctly, as well 
from an inverted as from an erect image. 

5. One object seen from two images, — The circumstance of our 
seeing one object, although we receive two images in the two 
eyes, is explained by the regular action of the muscles of the 
eyebalL When this is deranged, as in squinting, or from the 
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use of narcotics, we see double. Hence impressions are made 
on the corresponding part of the retinae in such a way that, if 
both eyes were united, the two portions of the membrane would 
each receive half the impression. The peculiar decussation of the 
optic nerves seems to connect exactly these two portions so that 
one sensation is occasioned (Mayo). Sometimes only half or a 
part of an object is seen ; a circumstance attributed to paralysis 
of a portion of the retina, or to some disorder of the brain con- 
nected with the terminations in that organ of the optic nerves. 
Mr Bowman considers that the crossing of the fibres acts as 
a commissure between the vesicular laminsB of the retinse, in 
the same manner as the commissures^ act between correspond- 
ing portions of the gray matter of the cerebral hemispheres, so 
that, although organs are double, unity of function is the result. 
Here, again, it has been urged that the mental interpreta- 
tion of the sensory impression is not to be accounted for 
by any structural arrangements of the sensorial apparatus. 

6. Entrance of optic nerve insensible. — ^The retina, at the point 
where the optic nerve enters it, is insensible. This is shewn by 
the experiment of Marriotte. Shut the right eye, stretch out 
the arms, and place the thumbs together. Then, on moving the 
right thumb outwards, while we continue to look steadily at 
the left thumb, we shall observe that the former disappears 
when it comes opposite the entrance of the optic nerve, and re- 
appears again when it has passed across it. The foramen of 
Sb^rrif g, in the direct axi^the eye, perfectly transmits the 
rays of light. This aperture, however, is not deficient in Jacob's 
membrane — a circumstance which points out the great import- 
ance of that structure as a sensitive medium. 

7. Impresinons remain a certain <tW.— An impression made 
on the retina remains a certain time. This is proved by look- 
ing at a dazzling light or bright colour, and observing that, on 
turning away the head suddenly, it continues for a longer or 
shorter period. It is also seen by whirling a stick lighted at 
the end, which appears as a ring, the impression being continu- 
ous from the time the light has left one point till it returns to 
it. An ingenious toy, called the " wheel of life," illustrates the 
same fact. 

8. Ocular spectra, — Some persons are subject to ocular spectra, 
which are of various kinds. Fatigue of the organ causes specks 
or moving filaments to appear, and a blow upon it, or pressure 
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at nighty induces a flash of light. Eemarkable objects, inani- 
mate or living, may be seen under circumstances preventing 
the possibility of their existence, which, notwithstanding, have 
all the aspect of reality. They always depend on a state of 
nervous exhaustion, from ill health, mental depression, or the 
use of certain drugs, as alcohol, opium, or other narcotic sub- 
stances. The capability of determining from reasoning whether 
such spectra are real or unreal, is a strong test of the existing 
soundness of mind of the individual. Various causes may induce 
a deception of the sense, ;which may be divided into sensual and 
mentid. K the former, walking towards the object, or attempt- 
ing to touch it, will correct the deception. Another test exists 
in turning one's back to the object ; if a reality, it is of course 
lost; if it exist in the mind's eye, it is still seen. Sir D. Brewster 
pointed out that mental spectra follow the rotation of the eye- 
balL It would be well to employ the word iUusion to ocular 
spectra dependent on disorder of the sense^ and delusion as 
characteristic of perversion of the judgment, or of insanity. 

Htaring, 

It is necessary for hearing that certain oscillations in the air, 
water, or solid bodies, should reach the expanded filaments of 
the auditory nerve, and that the influence of impressions so 
produced should be conveyed to the brain. This is accomplished 
through the medium of a very complicated organ or acoustic 
apparatus, the ear, for a description of which we must 
refer to works on anatomy. The most essential part of the 
organ is the vestibule, that exists in every class of a.Tiima1s 
in which an auditory apparatus is to be detected. There also 
the principal expansion of the auditory nerve takes place, and 
there it is brought into connection with the vibrations of sound 
from the exterior. In man, such is the complication of parts 
superadded to the vestibule or central ear, — viz., the cochlea 
and semicircular canals, — that the whole is denominated the 
labyrinth. It consists of chambers and canals hollowed out in 
the solid part of the temporal bone, containing a fluid, in which 
various branches of the auditory nerve are ramified, and so 
arranged that the slightest vibration communicated to the fluid 
must aflect the nerve. 

Histology of the organ of hearing. — Under this head we shall 

V 
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confine ourselves to what is known with regard to the distribu- 
tion and termination of the auditory nerve in the labyrinth. 

The vestibnle, — The vestibular branch of the auditory nerve 
sends separate branches to the utriculus, sacculus, and ampul- 
lated enlargements of the membranous labyrinth. This is 
surrounded by Ijrmph externally (perilymph), and contains 
lymph internally (endolymph), and may thus be said to be sus< 
pended in fluid. It may easily be understood, therefore, how 
the slightestr vibrations communicated to the internal ear, in- 
fluence the membranous labyrinth, and immediately afl^ect the 
nerves. Within the sacculus and utriculus is a mass of earthy 
matter (carbonate of lime), sometimes hard like a stone 
(Otolith), at others, soft like powder (Otoconia), with which 
the nerves are directly connected. MUller mentions that 
sonorous undulations in water are not felt by the hand itself 
immersed in the water, but are perceived distinctly through 
the medium of a rod or hard body held in the hand. It has 
been concluded, therefore, that the function of these mineral 
masses is to re-inforce the sonorous vibrations, and communicate 
to the nerves vibratory impulses of greater intensity than the 
perilymph alone could impart. 

The cochlea, — The cochlear branch of the auditory nerve 
terminates, like the optic nerve, in a remarkable ganglionic 
structure, which is spread over the internal portion of the 
membranous zone of the lamina spiralis. On looking down 
upon the vestibular surface, we see the view represented (Plate 
XVI. ^g, 12) by Ecker. Superiorly, is a thick layer of epi- 
thelial cells (Fig. 12, 1), the mernbrane of Corti, below which 
is the ligamentv/m memhranoe tectorice (tectorium, a cover). (Fig. 
12, 2.) Underneath this is a membrane, the habenula sulcata 
(habenvla, a small strip of flesh) (Fig. 12, 3), with a denticu- 
late zone to the right (6), and external to this, another mass 
of nucleated cells (d), which fill up the space between the 
membrane of Corti above, and the memhrana hasilarls (m), 
below. Between these membranes lie the organs of Corti (I, 
g, k, t), consisting of remarkable structures, resembling in ap- 
pearance internally flat staves (e), placed side by side like the 
keys of a piano (inner rods of Corti), Immediately outside 
these are a row of groves or depressions (/), through which 
minute continuations of the nerves pass to be connected with 
these organs (Habenvla perforata of Kolliker). External to 
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tliese are a row of flat transparent staves (middle rods of Corti)^ 
and external to these again are another row {outer rods of Corti) 
{g^ i). A vertical section shews that the inner rods point up- 
wards and outwards, so as to meet and slightly overlap the 
outer rods, which point in the opposite direction, like the 
beams of a roof. On the surface of these last, project three or 
more ganglionic nucleated cells, connected with them and one 
another by delicate jointed processes {k). Outside this compli- 
cated nerve apparatus, is the zona pecHnata of the lamina 
spiralis, which terminates in the spiral ligament (ligamerUum 
spirale), a structure described by Bowman, to pass externally 
into a mass of non-voluntary muscular fibres, called by him 
the cochlear musde. The exact function of these parts as yet 
only admits of speculation, although it is impossible to doubt 
that the rods and terminal cells described by Corti, admit of 
movement on one another, and that any sonorous undulation 
communicated to them must cause them to vibrate, and so 
influence the nerves in connection with them. Further, their 
analogy to the bacillary membrane of the retina, leads to the 
supposition, that like the latter, they are the most essential 
parts of the ganglionic apparatus. 

The labyrinth, — In man, sonorous vibrations reach the laby- 
rinth in two ways : — 1st, Through the external ear ; and 2d, 
Through the bones of the head. The ticking of a watch is 
heard as distinctly when placed between the teeth as when 
applied to the ear, and the note of a tuning-fork, when it can 
be no longer heard by the ear, again gives rise to sound when 
placed in contact with the teeth. It is by the direct vibration 
of the bones of the head also that we become cognisant of the 
sound of our own voices. It has been suggested that the coch- 
lea is that part of the labyrinth more immediately connected 
with those direct vibrations ; whilst the vestibule and semi- 
circular canals is that portion of it which enables the nerve to 
receive vibrations from without, indirectly, through the air. 
(Weber.) The constant position of the semicircular canals led 
Autenreith and Kemer to suppose that they are the parts con- 
cerned in conveying a knowledge of the direction of sounds. 
Their elaborate observations on animals, however, admit of such 
latitude of interpretation, according to the ingenuity of the 
experimenter and the theory he desires to support, that little 
reliance can be placed upon them. Wheatstone, however, sup- 
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ports the aame idea, on the ground that the semicircnlar canals 
being placed in planes at right angles with each other, are 
affected by the sound transmitted through the bones of the 
head with different degrees of intensity, according to the 
direction in which the sound is transmitted. Nothing certain 
is ascertained on this point. 

Impressions made on the auditory nerves in the labyrinth, 
remain a certain time, like those made on the retina. This was 
shewn by Savart, by holding a card against the edge of a 
rapidly rotating toothed wheel He found that the removal 
of one tooth did not produce any interruption in the sound. 
The production of musical notes — that is continuous sounds 
caused by repeated vibrations— demonstrates the same fact. 
(See p. 130.) 

External ear, — The avride serves to collect the waves of sound 
and convey them through the short channel, or meattu, to the 
membrane or drum of the ear {membrana tympani), which closes 
it internally. Its function is well observed in man^ who places 
his hand behind the ear when he desires to intensify hearing, 
by collecting the vibrations of sound. Treviranus thought that 
the elevations and depressions on the surface enabled him to 
judge of the direction of sounds, but it is now generally believed 
that the vibrations impinged upon the external ear, are con- 
strained by them to follow a certain course. In the lower 
animals, in whom it is largely developed, as in solipeds, rumi- 
nants, and cheiroptera, the loss of the auricle often causes partial 
deafness, but in man it does not seem to be so necessary. I 
knew an officer who had the auricle removed at the battle of 
Waterloo by a sabre cut, but who heard ever after on the 
mutilated side perfectly welL In the nheatv>8 a number of 
ceruminous glands pour out a waxy secretion of a bitter taste, 
which, with the hairs that grow from it, serve as a very sufficient 
protection from foreign bodies, and especially insects. 

Middle ear. — The Ttiembrana tympaniy or drum of the ear, is 
connected with one end of a chain of small bones (called the 
maUeitSy inctcs, and stapes) which pass across the middle ear, or 
cavity of the tympanum ; the other being attached to a mem- 
brane which closes the oval opening into the cavity of the vesti- 
bule (fenestra ovalis). Another opening on the same wall, of a 
round shape, and communicating with the scala tympani of the 
cochlea, is termed the fenestra rotunda. These moveable bones 
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render the membranes tense or lax, according to the intensity 
of the sonorous vibrations impinged upon them. This is 
accomplished through the agency of minute muscles, especially 
the tensor tympani and stapedius muscles, which contract accor- 
ding to the influences transmitted by a series of excito-motory 
nerves, having for their centre the otic ganglion. Hence this 
part of the apparatus is admirably adapted to carry the nicest 
vibrations in such a manner as will enable them best to conduce 
to the production of impressions on the auditory nerve. The 
cavity of the tympanum or middle ear is filled with air, which 
passes from the pharynx through the Eustachian tube. This 
not only permits the free vibration of the chain of ossicles, 
and equalises the pressure on both sides of the membrane, but 
further serves to keep jbhe air of a uniform temperature ; a 
circumstance of the greatest importance to the continuance of 
good hearing. 

There is much similarity between the laws which govern the 
reception and reflexion of sonorous vibrations and of rays of 
light ; and, looking at the means necessary to effect this, there 
is a close analogy between the ear and the eye as organs of 
hearing and vision. The intensity of light and of sound are 
both regulated by muscular parts independent of the will, 
operating through a ganglion and excito-motory nerves ; the 
ciliary resembles the cochlear muscle, and the reflecting-rods of 
Jacob's membrane have their analogue in the vibratory rods 
of Corti attached to the acoustic nerve, where it is expanded 
on the lamina spiralis of the cochlea. So, also, a knowledge 
of the function of hearing is essentially connected with an 
acquaintance with certain physical laws which have been 
previously described. (See p. 129.) 

Sense of weightj or a muscular sense. 

Much discussion has taken place as to whether a sixth sense 
exists, viz., a sense of weight, or a muscular sense. Two masses 
of matter apparently similar may be undetectable by sight or 
touch, taste or smell, but when balanced in the hands, are at 
once recognised by their difference in weight. The balance of 
the body itself under varied conditions, as in walking, riding, 
hopping, dancing, &c., indicates a peculiar sensibility in the 
muscles, and a corresponding sensation. " When," says Sir 0. 
Bell, **a blind man, or a man blindfolded, stands upright, 
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neither leaning upon or touching aught, by what means does 
he maintain his erect position 7 The symmetry of his body is 
not the cause. A statue of the finest proportion must be 
soldered to its pedestal, or the wind will cast it down. How is 
it, then, that a man sustains the perpendicular posture, or 
inclines in the due degree towards the wind that blows upon 
him ? It is obvious that he has a sense by which he knows the 
inclination of his body ; and that he has a ready aptitude to 
adjust the parts of it so as to correct any deviation from the 
perpendicular. What sense is this ? He touches nothing, sees 
nothing ; it can only be by the adjustment of the muscles that 
the limbs are stiffeued, the body firmly balanced, and kept 
erect. In truth, we stand by so fine an exercise of this power, 
and the muscles, from habit, are directed with so much precision^ 
and with an effort so slight, that we do not know how we stand. 
But if we attempt to walk on a narrow ledge, or rest in a situa- 
tion where we are in danger of falling, or balance on one foot, we 
become subject to apprehension, and the actions of the muscles 
are then, as it were, magnified, and demonstrative of the degree 
in which they are excited.'** 

In this particular sense, an infant gradually educates itself, 
as it does in all the other senses. By constant practice there is 
acquired from its exercise, a peculiar skill and aptitude. It 
admits of infinite variety, as in active and passive motions, or in 
adaptation to various purposes with great nicety, as in estimating 
weight, balancing, throwing weapons, playing on various musi- 
cal instruments, skilful workmanship, sense of resistance, &&, 
&c. Like the other senses, it adds largely to our feeling of 
pleasure and intellectual enjoyment, as may be observed in 
tossing infants, in the constant tendency to running and active 
games in the young, in the field sports and gymnastic displays 
of adults, and in passive locomotion of various kinds by carriage, 
boat, hammock, &c. Its injury or loss produces that peculiar 
absence of combining motions for a purpose, while the move- 
ments of individual muscles remain, as in the disease now 
called Loco-motor ataana. Lastly, it has for its special apparatus 
the muscles, into the fasiculi of which, according to Klihne, 
nerves entei, and are connected with, oval nuclei, which he sup- 

* Sir C. Bell on the Hand, 5th edit. p. 2S8. See also Sir William Hamilton's 
Dissertations on Reid, p. 864, and Bain, The Senses and the Intellect, p. 85. Lus- 
sana. Joum. de PhysiologiOi I860. 
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poses to be of a ganglionic nature. (Plate XVI. ^g, 11.) On 
the whole, this sense maj, I think, now be considered as fully 
established. 

Voice and Speech. 

Voice is a function of the larynx, while speech is performed 
by the tongue, lips, and cheeks, in conjunction with the larynx. 
A description of this organ is purely anatomical. All that 
need be said is, that it is composed of a tube made up of carti- 
lages, which are connected together by ligaments, and moved 
upon one another by muscles. In the interior of the tube is a 
narrow chink in the shape of the letter V, having the point 
forwards, formed by two folds of membrane called the vocal 
cords, which, thrown into vibration by the air rushing from the 
lungs, give rise to sound. It thus resembles in construction 
the mouthpiece of a clarionet or hautboy. Different degrees of 
tensity are given to these cords ; and the chink, or rimaf of the 
glottis is widened or narrowed by the various muscles of the 
larjmx, and by the position of the cartilages. Thus the thyroid 
cartilage is depressed, and the cords rendered tense by contrac- 
tion of the crico-thyroid muscles ; or by the retraction of the 
arytenoid cartilages, which are moved backwards by the pos- 
terwr-crico-arytmoid muscles. The cords are approximated by 
the arytenoid, and by the lateral crico-arytenoid, while they are 
separated and the aperture of the glottis enlarged by the 
posterior-crica-arytenoid muscles. The tension of the cords must 
be regulated to a great extent by the thyro-arytenoid muscles 
which are parallel with them throughout their entire length. 

Voice. — Nearly all air-breathing animals possess a voice ; in 
man and a few birds only can it be so modified as to be capable 
of producing articulation. The vocal cords are caused to vibrate 
by the currents of air coming from below, and at once lose this 
power by destruction of the inferior laryngeal nerves, which, by 
paralysing the muscles that regulate their necessary tensity, 
prevents their vibration and the production of sound. These 
vocal cords, therefore, are the essential parts of the organ of 
voice. (See Practical Physiology.) Their tensity is varied 
sometimes by musculai* action, and sometimes by the column 
of air. Thus, to produce low notes they are relaxed, and even 
wrinkled when at rest, but obtain the necessary degree of 
stretching by the pressure of the column of air. High notes, 
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on the other hand, are caused by producing great tensity of 
the cords, and narrowing of the glottis ; and intermediate notes, 
by intermediate degrees of tensity, and narrowing. The quality 
as well as the compass of the voice varies in different persons. 
In the male the deepest is the bass, the highest the tenor, 
and the intermediate the baritone. The corresponding tones 
in the female are the contralto, the soprano, and the mezzo- 
soprano. (See p. 133, Plate VIII. fig. 19.) Many bass voices 
possess high notes, but the same high note sounded by a bass 
and a tenor, or by a contralto and a soprano voice, differ in 
quality or tone, in the same maimer that a note sounded by 
claironet and a flute does. It is the quality, therefore, and not 
its scale, which constitutes the distinction between voices, the 
cause of which is unknown. 

In men, owing to the prominence of the thyroid cartilage, 
the vocal cords are longer than in the female, as 3 to 2 ; and j 

his voice in consequence is deeper, and in the musical scale an I 

octave lower. Boys have treble voices, like women ; but as 
manhood approaches, the thyroid cartilage undergoes a change 
in its form, and while doing so the voice is cracked or broken. 
Afterwards it becomes manly and deep ; so that the highest 
soprano of a boy may be converted into the deepest bass of the 
man. Male voices also possess two series of notes, — chest or 
true notes, and false or falsetto notes. How the latter are 
produced is unknown. The strength of the voice does not so 
much depend upon the current of air as upon the strength and 
accuracy of the muscular movements regulating the vocal cords. 
Hence why practice, which gives accuracy and tone to the 
muscles, is of such importance in the schools of singing. Con- 
sidering that the muscles which move the cords are only about 
three-fourths of an inch in length, and how they must adapt 
themselves in producing notes, semitones, and intervals, it 
has been calculated that their movements can be varied with 
the greatest precision to the 1*1 200th to the 1 •2000th of an inch. 

The intonation of the human voice produces an effect on the 
mind wholly different from that which the mere Tneaning of 
words excite. The speech of an accomplished orator rouses an 
audience to a degree of enthusiasm which those who read it in 
the papers next morning cannot understand. Hence great 
orators, as great actors, must be seen and heard to be appreci- 
ated. Children and animals are affected by our voices, though 
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incapable of understanding our words. The same phrase may 
be made to present different meanings by simply varying the 
tone in which it is uttered. This is why those who repeat 
strictly our words may calumniously falsify our sentiments. 
That which was spoken originally may have been innocent 
enough, but the manner in which it is repeated may render it 
significant and offensive. It is this circumstance which creates 
half the calumnies circulated among society. 

Speech. — ^The voice, so modified by the additional action of 
the tongue, cheeks, and lips, as to signify objects, actions, and 
the properties of things, constitutes lauguage. Languages vary 
greatly as to the sounds which enter into them, and hence the 
difi&culty persons who have been educated in one, experience in 
learning others. Word^, however, may be produced by the 
mouth and fauces alone, without the voice. This is whispering. 
Hence there may be speech without voice, as there is voice 
without speech. Vocal language, however, can only be ac- 
complished by the combined use of the laryngeal and oral 
apparatuses. Articulate sounds are divided into vowels and 
consonants. Vowels are formed in the larynx, whilst conson- 
ants are produced in the air-passages above it. Many of these 
last, however, cannot be uttered unless the elements of a vowel 
are pronounced with them consonantly ; hence their name. 
Thus g and k are formed of the vowels e and a, modified by the 
oral aperture. It is by different degrees in the opening and 
contraction of the mouth and oral canal that most continuous 
sounds are formed ; others are sudden and momentary, cannot 
be sustained, and are called explosive sounds, such as 6, p, d, 
and g. Hence they are difficult to pronouce well in singing ; 
and this is why the Italian language, in which they are seldom 
heard, is so much better adapted to songs than English or 
Grerman. 

The office performed by the mouth in the pronunciation of 
vowels has been well analysed by Kratzenstein and Kemplin, 
who have pointed out what the conditions necessary for chang- 
ing the same sound into different vowels or differences in the 
size really are. For the utterance of certain vowels, both the 
opening of the mouth and of the space between the tougue and 
palate (oral cavity) must be large ; for the pronunciation of 
others both must be contracted ; and for a third, one must be 
wide and the other contracted. They give five degrees of size, 
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the dimensions of which vary by closure of the oral opening 
and the space between the tongue and palate as follows : — 

ir^«r^i Q/«n»j Siaeoforal Size of oral 

VoweL Sound. opening. canaL 

a as in far . 5 3 

4 2 



a ,, name 

e „ theme 

o » go 

00 „ cool 



3 1 

2 4 

1 5 



When the laryngeal and oral parts of the organ of speecli 
cannot be combined, some letters, especially the explosive ones, 
as t and jt?, are not consonant wfth the vowel ; and stammering 
is the result. It is to be corrected by a careful study of the 
mode of pronouncing the various consonants, with constant 
practice — avoiding hurry and nervous agitation, which render 
all muscular action uncertain. Ventriloquism is speaking with- 
out giving external evidence of utterance, and keeping the oral 
aperture immoveable while the attention of the audience is 
directed as much as possible to the thing or place from which 
the voice is supposed to come. 

The Laymgoscope, — The appearance and actions of the larynx 
during phonation and respiration, can now be rendered visible 
by means of the laryngoscope, for a description of which, its 
mode of application and results, see Practical Physiology. 

Sleep— Dreams — Somnambulism — Mono-ideism, 

Sleep is that temporary suspension of the cerebral functions 
which in animals alternates with their exercise for a certain 
time, which suspension, however, is capable of interruption on 
the application of stimuli to the sensory nerves. Unless this 
last condition could be carried out, the individual would labour 
under coma, syncope, or asphyxia, — states more or less allied to 
sleep. All action in the living economy produces waste of tis- 
sue ; and hence the necessity of rest in order that substance 
may be added. The cerebral functions, especially, are governed 
by this law, and we are obliged to submit to their suspension 
for a certain period, which is natural sleep. On awakening, we 
feel refreshed ; greater strength is imparted to the muscles, 
higher sensibility to the nerves, and greater power to the mind. 
Sleep is more or less profound according as the body is more 
or less fatigued, and according to the constitution of the indivi- 
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dual ; as in some persons it is naturally light, whilst in others 
it assumes a soporose character. Habit and temperament also 
exert a strong influence over sleep, some persons falling into or 
arousing from it at particular hours, independent of all other 
circumstances. Its invasion may be sudden or gradual. As a 
general rule, the senses and reasoning faculties sleep first, whilst 
imagination and the lighter ones remain longer awake. We 
may also awake suddenly ; but there is usually an intermediate 
condition between sleep and waking. It is in these intermediate 
conditions that the sleep is b'ghtest, and that persons can be 
aroused with the greatest facility. The amount of sleep re- 
quired by man varies according to age, temperament, habit, and 
previous fatigue. In infancy and extreme old age, life is almost 
a continuous sleep. In adults there is no rule, some persons 
requiring more and some less. The average period spent by 
mankind in sleep is eight hours in the twenty-four, being one- 
third of human life. 

Dreams, — Not unfrequently while some mental faculties are 
suspended others are still active, and are busy with numerous 
ideas, which succeed each other with more or less regularity. 
This is dreaming. There is an absence of consciousness regard- 
ing external things, and a want of control in regulating the 
current of thought ; so that the principle of suggestion — that is, 
one thought calling up another in a certain sequence — has un- 
limited governance of the mind. In some rare cases the dream- 
ing thoughts are very consistent and vivid, but generaUy 
speaking they are more or less confused or incongruous. Not 
unfrequently, when seemingly in danger, we are governed by 
an intense desire to escape from it, while we possess an agonis- 
ing consciousness that we have not the slightest power to do so. 
This is immhas^ or nightmare. Another curious circumstance 
is the rapidity with which, when dreaming, trains of thought 
pass through the mind, the events of years being apparently 
compressed into moments. The most mentally agitating dreams 
need not occasion the slightest change of position or muscular 
movement, although sometimes they produce restlessness, various 
gestures, or emotional indications. But when the ideas of a 
dream govern the motions and conversation of an individual, 
while the memory and other faculties of the mind are still so 
suspended that on awakening he is quite unaware of what has 
occurred, the condition is called somnambulism. 
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Theory of sleep and dreams, — Many opinions have been ad- 
vanced as to the condition of the brain during sleep and 
dreaming, most of which assume a state of congestion to be the 
cause. If this be general and equal, sleep results ; if partial, — 
that is, more intense in places where particular faculties of the 
mind may be supposed to exist, — the result is dreaming. In the 
vast majority of cases, all illusions and delusions, like sleep, 
are the result of exhaustion, long watching, ill health, grief, 
intense excitement, and of narcotic drugs which depress nervous 
force. The old are much more subject to them than the young. 
In all these cases the pulse becomes quick and feeble, and 
considering what has previously been said as to the peculiar 
circulation within the cranium (p. 220), it will be readily under- 
stood how this is deranged. Some have supposed that the 
choroid plexuses enlarge and become erectile, so causing pressure. 
Others, that the vaso-motor system of nerves influence the 
cerebral vessels ; and that as the grey substance is most vascular, 
so that portion of it we have seen to be most intimately con- 
nected with mind (p. 284), is the one most readily affected. 

Somna/mbvlism, — The peculiarity of this state consists in the 
mind being wholly occupied with one idea or train of thought, 
to the exclusion of all other considerations. Thus there may 
be complete insensibility to bodily pain, \o loud sounds, flashes 
of light, or other ordinary stimuli, although whatever is spoken 
or done in harmony with the subject thought of, is heard and 
appreciated, often with unusual acuteness. We can frequently 
change the current of the ideas by audibly suggesting others, 
when all the feelings and emotions in connection with the new 
subject are called into action, to the exclusion of those which 
previously existed. Thus, if the attention be strongly fixed on 
a distant object, impressions made on the skin will not induce 
sensation ; but if the attention be directed to the skin, its sensi- 
bility often becomes wonderfully excited, and pain is experienced 
from the contact of bodies that, under ordinary circumstances, 
would scarcely be felt. The same rule applies to all the other 
senses. In the same manner the reasoning power is often 
increased on a particular point, and a variety of things per- 
formed, or movements gone through, that the individual other- 
wise could never have accomplished. Some men perform aU 
the acts which at the time are suggested to them, or describe 
the various scenes which in imagination are placed before thenu 
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In this way a somnambulist may be made not only to think and 
converse on any subject, but to go through any kind of action, 
however ridiculous or even fatiguing. He will place himself 
under every variety of condition presented to his mind, and per- 
form the appropriate motions, as well as give utterance to the 
ideas, which such conditions would naturally give rise to. Thus, 
he may be made to hunt, swim, fight, appear intoxicated, visit 
distant cities or lands, &c. None of these acts and ideas are 
remembered in the ordinary waking condition, although when 
again thrown into a similar state, they may be taken up and 
continued. Such a person may be said to have two kinds of 
memory, — one when awake, and one when dreaming ; or, as it 
has been called by some, a double consciotumess. Somnambulism 
may come on involuntarily, at regular or irregular periods, or it 
may be excited artificially. In either case it may be accom- 
panied by various nervous phenomena, denominated catalepsy^ 
trance, ecsUxcy, and so on. 

Mono-idei»m, — Dreaming and the phenomena of somnam- 
bulism may be excited in some persons artificially, when the 
acts of the mind, sensation, and motion may be completely 
governed by means of suggestive ideas, even although the 
individual be conscious. This state has been called mono- 
tdeism. (Braid.) The mode of effecting this is to cause a 
certain number of persons to fix their attention on a small 
object, as a coin, or submit to have monotonous passes made 
with the hands before their face. On an average, at least one 
person in twenty so treated feels in a shorter or longer time, 
first a mistiness of vision or stiffness in the eyelids, and occa- 
sionally deep-drawn sighs, hurried respiration, and signs of 
general excitement are visible. If now such persons are respec- 
tively told in a confident manner that they cannot open their 
eyes, it will be found that they cannot do so, especially if their 
attention be more strongly directed to the eyelids by touching 
or by pointing to them. But on receiving permission, or on 
being commanded to open them, this is done at once. Such 
persons may now, as in certain cases of somnambulism, have 
every kind of motion, sensation, or mental act produced, 
governed, or arrested, according to the endless train of sugges- * 
tive ideas that may be communicated to the individual. Many 
of the lower animals also appear to be susceptible of being 
impressed by what strongly airests their attention, in such a way 
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that they are rendered incapable of voluntary motion, or irresis- 
tibly impelled towards the object. Hence the long glittering 
bodies of serpents, or the glaring eyes of other djAmal%, fascinate 
birds and small quadrupeds, and render them an easy prey to 
their enemies. Similar effects are produced in individuals who 
look from heights and precipices, and experience an uncontrol- 
lable desire to leap down, although it be to certain destructioD. 

Like phenomena have occurred in all ages, produced in certain 
persons by predominant ideas, and variously modified according 
to the education, politics, or religion of the period. Thus the 
effects produced on many votaries during their initiation into 
the ancient mysteries ; the ecstacies of the Pythian and other 
priestesses ; the influence of religious euthusiam ; the dancing 
epidemics of St Vitus or of Tarantism in the middle ages ; the 
hallucinations of the Oonvulsionaires at the tomb of St Medard, 
in Paris ; the effects of magic and of spells, &c., &c., are of the 
same character. Numerous perversions of the nervous functions, 
identical in their nature with those described, consisting of 
sensory illusions, muscular convulsions or rigidity, and peculiar 
trains of thought influencing acts and conversation, may be found 
in the histories of witchcraft and demonology, in the legends 
of the saints, the journal of Mr Wesley, and in the accounts 
given by travellers of the religious camp-meetings in the woods of 
America. They are perhaps more common now than formerly, 
and excite even more astonishment among the ignorant; 
the only difference being, that the same phenomena, which in 
a dark age were attributed to divination or incantation, now 
assume the garb of science, and are ascribed to magnetism or 
electricity. 

It is unnecessary to enter into any lengthened argument to 
refute the numerous hypotheses which ascribe these effects to 
external influences. There is no series of well-ascertained facts 
capable of supporting such a doctrine ; whereas it would be 
easy to prove that all the phenomena really occasioned depend 
on suggestive ideas communicated to the person affected. But 
while these theories scarcely merit attention, the facts them- 
selves are highly important, and demand the careful considera- 
tion of the physiologist and medical practitioner. The effect of 
mind on the body has from the earliest periods been seized upon 
by individuals as a ground for veneration or astonishment. In 
ancient times the heathen priests were the physicians, and the 
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temples were oonyerted into so many dispensaries, at which the 
sick applied for relief. In Catholic countries, during the middle 
ages, the offices of priest and physician were frequently united 
in one person ; so that the powerful effects of certain shrines, 
and the benefits of pilgrimages in cases not admitting of simple 
cure, met with every encouragement. From what has preceded, 
it must be allowed that, so far from its being improbable that 
real cures were so effected, all that we know of the effects of 
confident promises on the one hand, and belief on the other, 
render it very likely that many such occurred. The legends of 
the saints, the history of witchcraft, the journal of Mr Wesley, 
the accounts of celebrated pilgrimages, and of the virtues of 
particular shrines, and the writings of religious enthusiasts 
generally, abound in wonderful cures. Charms, amulets, and 
relics are stated to have at once banished all kinds of agony, 
and removed numerous nervous diseases. Many of these are 
certainly incredible, whilst others are perfectly conceivable. 
The benefits of the royal touch are confirmed by the observa- 
tions of Bichard Wiseman, and the cures performed by Great- 
rakes are warranted by Bobert Boyle. In all these cases, there 
can be little doubt that any benefit which did occur may be 
attributed to a strong belief, on the part of the patient, in the 
efficacy of the means employed. The facts ascertained in con- 
nection with this subject open up a wide field for investigation, 
not only in physiology and practical medicine, but in what 
relates to evidence as it is now received in courts of law. 

As regards the nature of this condition, it seems analogous to 
that of sleep or dreaming, in which certain faculties of the mind 
are active, and may be even stimulated into excessive action, 
whilst others are suspended. All the phenomena produced are 
strictly analogous to what medical men are acquainted with in 
various morbid states ; and it must now be considered as well 
established, that in certain conditions of the nervous system 
they may be induced at will. This conclusion, however, is 
something new, for it has but recently been received in physio- 
logy or pathology, that a condition of the cerebral functions 
may be occasioned in apparently healthy persons in which sug- 
gestive ideas are capable of producing those phenomena we have 
described, and which render them, for the time, as irresponsible 
as monomaniacs. Yet such is really the fact, and once admitted 
into physiology, must have an important influence on the theory 
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acJ zrM!!!C£st^ Bag»f:i'f:ii^. S<b^ a eaodhioii maj proLabl j be 
fti!t!t:ir:it<»*i f:r pc.jSi:u:*pi:aZj in tiie foOowing manner : — 

We kikTe prtfrTi':>4SiLj ««b fiiiat die wliite matter of cere- 
bri LijC<s '^iicL^^kin tabs, wfudk m in three directions, — 1st, 
'T\^'mb vkiiciL poeB fr»i beloiv upwards^ and connect the hemi- 
sCnjoral zuLjii<:a vrtJi the afviDal covd ; 2d, Those which pass 
tr:kZ;§T«rselT. fjnr, rr.j the oDcmiiasareSy and irhidi nnite the 
two benJ.«rLeRS ; and 3d, Those whi<^ run from hefore back- 
wanii, qr.itiTig the anterior with the posterior lobes on each 
sxfieL It has also been stated that these tubes are probably 
sabscrri^it to that eombinadon of the mental faculties which 
chaiacterises thought. Xow, afl metai^ysicians and physio- 
l*jgi5ts aze agreed that the mind is composed of Taiioos lenities, 
and that ditferent porticms of the nenrons mass are neoesaaiy 
f <>r their manifestation. Trae, it is by no means determined 
what or how many faculties mind shoold be divided into ; still 
leas is it known whi<^ parts of the brain are necessary for the 
manifestation of each. But let the fixst proposition be granted, 
then there is no difficaltr in sapposing that one or more of these 
may be paralysed or suspended, whilst others are entire, any 
more than there is in knowing that sensation may be lost whilst 
motion remains intact, although the nerve fibres of both ran 
side by side. It may be presumed, then, that certain mental 
faculties are, as the result of exhausted attention, temporarily 
paralysed or suspended, whilst others are rendered active in 
consequence of being stimulated by suggestive ideas ; that the 
psychical stimuli of the former make no impressions on the 
cerebral conducting tubes, whilst those of the latter are in- 
creased in intensity ; that the proper balance of the mind is 
thereby disturbed, and thus the individual, for the time being, 
acts and talks as if the predominant idea was a reality. The 
condition is analogous so far with ordinary somnambulism, 
certain forms of hypochondriasis, and monomania, but admits 
of infinite changes, from the nature of the idea suggested. 

According to this theory, therefore, we suppose that a psy- 
chical stimulus is generated, which, uncontrolled by the other 
mental operations acting under ordinary circumstances, induces 
impressions on the peripheral extremities of the cerebral fibres, 
the influence of which only is conveyed outwards to the muscles 
moved. In the same manner, the remembrance of sensations 
can always be called up by the mind ; but under ordinary cir- 
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caiDjstaiioes we know they are only remembrances, from the 
exerdae of judgment, comparison, and other mental faculties ; 
but these being exhausted, in the condition under consideration, 
while the suggested idea is predominant, leave the individual a 
believer in its reality. 

In this manner we attribute to the faculties of the mind a 
certain power of correcting the fallacies which each is liable to 
fall into, in the same way that the illusions of one sense are 
capable of being detected by the healthy use of the other senses. 
We further believe that the apparatus necessary for the former 
operations consists of the nerve-tubes which unite different 
X)arts of the hemispherical ganglion, whilst that necessary for 
the latter are the nerve-tubes connecting together the organs of 
sense and the ganglia at the base of the encephalon. A healthy 
and sound mind is characterised by the proper balance of all 
the mental faculties, in the same manner that a healthy body is 
dependent on the proper action of all the nerves. There are 
mental and sensorial illusions, one caused by predominant ideas, 
and corrected by proper reasoning ; the other caused by per- 
version of one sense, and corrected by the right application of 
the others. Both these conditions are intimately united, and 
operate on each other, inasmuch as voluntary and emotional 
movements and sensation are mental operations. 

This theory, if further elaborated, appears to be consistent 
with all known facts, and capable of explaining them on phy- 
siological principles. 

ABNORMAL INNER VA TION. 

The derangements of the nervous system like those of nutri- 
tion, can never be understood without a knowledge of its 
anatomy and physiology. The general laws which regulate the 
morbid actions it evinces, have been referred to (p. 289). The 
special disorders may be classified into : — 1st, Cerebral ; 2d, 
Spinal ; 3d, Cerebro-spinal ; 4th, Neural ; and 5th, Neuro- 
spinal, according as the brain spinal cord, or nerves are affected 
alone, or in combination. Aberrations of intellect always de- 
petid on cerebral disturbance, while preversions of motion and 
sensibility, , if extensive, indicate spinal, and if local, neural 
disorder. Thus, insanity and apoplexy are cerebral ; tetanus 

and chorea, spinal ; epilepsy and catalepsy are cerebro-spinal ; 

m 
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neuralgia and local paralysis are neural ; and all combined 
spasms, dependent on diastaltic or reflex actions, are neuro- 
spinal. The following is an enumeration of nervous disorders, 
with the meanings that ought to be attached to them. 

Classi/lcation of Diseases of Innervation. 

L Cerebral Disorders^ in which the cerebral lobes (or brain 
proper) are affected: — 

Insanity, or mental aberration in its various forms, in- 
clude partial and general insanity. The first comprehends 
Monomania, or madness on one particular subject. Instinctive 
or Impulsive Insanity, Moral Insanity, and Hypochondriasis. 
The last comprehends Mania, or raving madness, Dementia or 
diminution, and Amentia, total loss of the mental faculties. 

Headache and other uneasy sensations within the cranium, 
such as lightness, heaviness, vertigo, &c., &c. 

Apoplexy. — Sudden loss of consciousness and of voluntary 
motion, commencing in the brain. The absence of consciousness 
necessarily involves that of sensation. The same condition as 
regards nervous phenomena exists in syncope and asphyxia, but 
the first of these commences in the heart, and the second in the 
lungs. Allied to apoplexy is com>a or stupor, arising from 
various causes affecting the brain, such as pressure, or poisonous 
agents like alcohol, chloroform, opium, &c., &c. 

Trance, or prolonged somnolence, either with or without 
perversion of sensation or motion. To this state is allied 
ecstasy, or unconsciousness with mental excitement. 

Irregular Motions, Spasms, &c, originating in excited or 
diminished voluntary power, as in certain cases of dominant 
ideas, somnambulism, saltatory movements, tremors, &c. ; or, on 
the other hand, incapability of movement from langour, surprise, 
mental agitation, &c., &c. 

II. Spinal Disorders, in which the cranial and vertebral por- 
tions of the spinal cord are affected : — 

Spinal Irritation. — Pain in the spinal column, induced or 
increased by pressure or percussion, often associated with a 
variety of neuralgic, convulsive, spasmodic, or paralytic dis- 
orders affecting in different cases all the organs and viscera of 
the body, and so giving rise to an endless number of morbid 
states. 
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Tetanus. — ^Tonic contraction of the voluntary muscles. 
Trismus^ if confined to the muscles of the jaw ; Opisthotonos, if 
affecting the muscles of the back, so as to draw the body back- 
wards ; Emprosthotonos, if affecting the muscles of the neck and 
abdomen, so as to draw the body forwards ; and Pleurosthotonosy 
if affecting the muscles of the body laterally, so as to draw the 
body sideways. 

Chorea. — Irregular action of the voluntary muscles, when 
stimulated by the will. 

Hysteria. — Any kind of perverted nervous function, con- 
nected with uterine derangement. Nothing can be more vague 
than this term. 

Hydrophobia. — Spasms of the muscles of the phamyx and 
chest, with difficulty in drinking and dread of fluids. 

Spasms and Convulsions. — Tonic and clonic contractions of 
the muscles of every kind and degree, not included in the above, 
originating in the cord. (Centric Spinal Diseases — Marshall 
HaU.) 

Hemiplegia. — Paralysis of a lateral half of the body, gene- 
rally dependent on disorders of the cranial portion of the spinal 
cord above the decussation in the medulla oblongcUa, 

Paraplegia. — Paralysis on both sides of the body, generally 
the lower half, in consequence of disorder of the vertebral por- 
tion of the spinal cord, below the decussation in the meditUa 
oblongata. 

III. Cerehro-Spinal disorders^ in which both cerebral lobes and 
spinal cord are affected : — 

Epilepsy. — Loss of consciousness with spasms or convulsions 
occurring in paroxysms. Apoplexy with convtdsion or paralysis 
is also cerebro-spinal. 

Catalepsy. — Loss of consciousness with peculiar rigidity of 
muscles, so that when the body or a limb is placed in any 
position it becomes fixed. 

Eclampsia. — Tonic spasms with loss of consciousness in 
infants. The acute epilepsy of some writers. 

IV. — Neural disorders, in which the nerves are affected during 
their course or at their extremities : — 

Neuralgia. — Pain in the course of a nerve, although in fact 
all kind of pain whatever is owing to irritation of the nerves. 
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Thns the sympathetic system of nerves and its ganglia, though 
ordinarily giving rise to no sensation, may occasionally do so, 
as in angina pectoris^ coltCf irritable testide and tUerus, and in 
other agonizing sensations, referred to various organs. 

Irritation op the Nbrves op Special Sense. — Of the optic, 
causing flashes of lighi, ocular spectra, muscce volitantes, &c. ; of 
the auditory, causing tinnitus aurium ; of the olfactory, causing 
unusual sensitiveness to odour; and of the gustatory, causing 
perverted tastes in the mouth. Itching, formication, and other 
sensations referable to the peripheral nerves, also belong to this 
class. 

Irritation op Special Nerves of Motion, as in local 
spasms of one or more muscles, or of the hollow viscera. 

Local Paralysis. — Loss of motion or sensibility in a limited 
part of the body, or confined to a special sense, as in lead palsy , 
or in amaurosis, cophosis, anosmia, ageustia, an/jestheda, and loco- 
Tnotor ataxia, 

Y. Neuro-spinal disorders, in which both the nerves and spinal 
cord are affected : — 

Diastaltic or Keflex Actions.— To this class belong all 
those diseases depending on irritation of the extremity of a 
sensitive nerve, acting through the cord and motor nerves on the 
muscular system, and producing a variety of spasmodic dis- 
orders, local or general, far too numerous to mention — which 
can only be understood by a thorough knowledge of the physi- 
ology of the diastaltic or excito-motory system of nerves. 

All these disorders may be the result of structural disease of 
the nervous system, or of what is oaM^^. functional derangement, 
understanding by this a disease which, even when it causes 
death, leaves no trace of altered structure detectable with the 
aid of the microscope. Thus, tetanic rigidity may depend on a 
spinal arachnitis, as well as on the irritation from a wound or 
poisoning by strychnine ; and delirium and coma may be caused 
by cerebral meningitis, as well as by moral insanity, starvation, 
or poisoning by chloroform or opium. Whether in these cases 
there be in fact only one cause common to the whole, it is 
difficult to say ; certainly it cannot be demonstrated. It might 
be contended that in every instance there is a certain amount of 
congestion producing unaccustomed pressure, or that a peculiar 
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state of nutrition of the part is momentarily produced here or 
there in the nervous mass. But as neither theory appears to us 
applicable to all cases; we shall consider the pathological causes 
of nervoti8 disorders as of four kinds, — 1st, Congestive ; 2d, 
Structural ; 3d, Diastaltic ; 4th, Toxic 

1. CoTigestive derangements of the nervous si/stem, — The 
peculiar nature of the circulation within the cranium and 
vertebral canal has been previously pointed out (p. 220), and 
we have seen that, although well defended under ordinary 
circumstances against any mischievous change, still, when such 
change does occur, it operates in a peculiar manner. In other 
words, so long as the bones are capable of resisting atmospheric 
pressure, although the amount of fluid within these cavities 
cannot change as .a whole, yet the distribution of that amount 
may vary infinitely. Thus, by its being accumulated sometimes 
in the arteries, at other times in the veins, or now in one place 
and then in another, unaccustomed pressure may be exercised 
on different parts of the nervous centres. This, according to its 
amount, may either irritate or suspend the functions of the 
parts ; a fact proved by direct experiment, as well as by in- 
numerable instances where depression of bone has caused 
nervous phenomena which have disappeared on removal of the 
exciting cause. That congestion does frequently occur in the 
brain and spinal cord there can be no doubt, although it cannot 
always be demonstrated after death. The tonic contraction of 
the arteries is alone sufficient to empty them of their contents, 
and turgidity of the veins may or may not remain according to 
the symptoms inmiediately preceding death, and the position in 
which the body is placed. But it is observable that those 
causes which excite or diminish the action of the heart and 
general powers of the body are at the same time those which 
induce nervous disturbance, as well as occasion a change of 
circulation in the cerebro-spinal centres — ^such as the emotions 
and passions, plethora and anaemia, unaccustomed stimuli, 
uterine derangement, &c. 

It is only by this theory that we can understand how such 
various results occasionally occur from apparently the same 
cause, and again how what appear to be different causes produce 
«imilar effects. Thus, violent anger, or an unaccustomed 
stimtdus may, in a healthy person, induce a flushed countenance. 
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increased action of the heart, a bounding pulse, and sudden loss 
of consciousness. Again, fear or exhaustion may occasion a 
pallid face, depressed or scarcely perceptible heart action, feeble 
pulse, and also loss of consciousness. In the first case, or coma^ 
there is an accumulation of blood in the arteries and arterial 
capillaries, and a corresponding compression of the veins ; in 
the second case, or syncope, there is distension of the veins and 
venous capillaries, with proportionate diminution of the calibre 
of the arteries. In either case, owing to the peculiarity of the 
circulation within the cranium, pressure is exerted on the brain. 
Hence syncope differs from coma only in the extreme feebleness 
of the heart's action, — the cause, producing loss of consciousness, 
sensation, and voluntary motion, being the same in botL 
Indeed, it is sometimes difficult to distinguish these states from 
each other ; and that they have frequently been confounded, 
does not admit of doubt. 

In the same manner, partial congestion from either cause may 
occur in one hemisphere, or part of a hemisphere, in the brain, 
or in any particular portion or segment of the spinal cord. 
The pressure so occasioned may irritate and excite function, or 
may paralyse or suspend it ; nay, it may so operate as to 
suspend the function of one part of the nervous system, while 
it exalts that of another. Thus all the phenomena of epilepsy 
are eminently congestive, the individual frequently enjoying the 
most perfect health in the intervala of the attack, although the 
effects are for the time terrible, causing such pressure that, 
while the cerebral functions are for the time annihilated, the 
spinal ones are violently excited. In the same manner are 
explained all the varied phenomena of hysteria and spinal irri- 
tation, for inasmuch as the spinal cord furnishes, directly 6r 
indirectly, nerves to every organ of the body, so congestion of 
this or that portion of it may increase, pervert, or diminiah the 
functions of the nerves it gives off, and the organs which they 
supply. Congestion, therefore, we conceive to be the chief 
cause of functional nervous disorders originating in the great 
cerebro-spinaJ centre. 

2. Structv/ral derangements of the nervous system, — The various 
parts of the nervous system, being furnished with blood vessels, 
are subject to most of the diseases of nutrition. The brain and 
spinal cord are especially liable to those lesions which produce 
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effusion, extravasation, exudation, morbid growths, and de- 
generations of texture. The effects these occasion are identically 
the same in kind as those caused by simple pressure, or from 
the other circumstances to be referred to. In their mode of 
onset, however, they exhibit a difference. Thus, as a general 
rule, hsBmorrhage is indicated by suddenness of attack ; acute 
exudations, by local pain, with fever ; chronic exudations and 
tumours, by gradual perversion of the mental, sensitive, and 
motor functions in various ways and degrees, according to the 
part affected. Intelligence suffers in proportion to the extent 
and nearness of the disease to the hemispherical ganglion, and 
motion according as the cerebral and vertebral portions of the 
spinal cord are influenced. Occasionally, after more or less im- 
pairment of intellect, sudden paralysis appears ; a result attri- 
butable to the rupture or deliquescence of tubes which have 
been already softened, but not sufficiently so to interrupt their 
power as conductors of the nervous force. Instances, indeed, 
have been recorded where complete destruction of one half of 
the brain, or of the whole thickness of the spinal cord is said to 
have occurred, in which no paralysis or other symptom has been 
caused ; but it is certain that numerous tubes in such cases 
were intact during life, and capable of transmitting impres- 
sions. 

3. Diastaltic or reflex derangements of tJie nervous system. — ^We 
have previously seen (p. 289) that recent researches render it pro- 
bable that the actions hitherto denominated reflex are in fact 
direct ; only that the impression which is conveyed commences 
in the circumference of the body, instead of in the nervous 
centres. There is every reason to believe that such impressions 
pass through the cord by means of conducting nerve fibres, 
which cross from one side of that organ to the other, and that 
histology will yet demonstrate that all these apparently con- 
fused actions are dependent on the existence of certain uniform 
conducting media. Indeed, already we can judge with tolerable 
exactitude from the effects, what are the particular nerves and 
segments of the cord which are influenced during a variety of 
actions ; and notwithstanding the immense difficulties of the 
inquiry, we have every hope that the period is not distant 
when the diagnosis of many more reflex acts will also be ren- 
dered certain. The principle involved in all these acts is, that 
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the irritation which produces them is to be sought for m the 
nervous extremities rather than in lesions of the centres ; and 
the great importance of this principle in pathology and in prac- 
tice cannot be too highly estimated, although, for the numerous 
details which illustrate it, we must refer to a previous part of 
this book (p. 312), and especially to the works of Dr Marshall 
Hall. We would point to traumatic tetanus, and to the convjal- 
sions resulting from teething and gastric derangements in 
children, as good examples of diastaltic functional disorders. 
Numerous symptoms which accompany organic changes belong 
to the same category. In other words, the structural lesion 
constitutes the irritant, or cause, while the effect is functional 

4. Toxic derangements of the nervoits system. — The influence 
exercised by certain drugs is of a kind which causes a close 
resemblance to various diseases of the nervous system. These 
influences, if carried to excess, are toxic, and dangerous to life ; 
if employed moderately, and with caution, they constitute the 
basis of our therapeutic knowledge in a vast variety of diseases. 
Why one drug should possess one power, and another a different 
one,— or why some should influence the brain, and others the 
spinal cord or nerves, — we are ignorant. Such facts are as much 
idtimate facts in therapeutics as are the separate endowments 
of contractility and sensibility in physiology. As pathological 
causes of functional disorders of the nervous system, their 
power is undoubted. By their means the five classes of 
nervous disorders may be occasioned in different ways, pro- 
ducing altogether distinct and peculiar effects. Thus — 

Toanc cerebral derangements are occasioned by opiwn and most 
of the pure narcotics, which first excite and then depress or 
destroy the mental faculties. According to Mourens, opium 
acts on the cerebral lobes, while belladonna operates on the 
corpora quadrigemina. The first causes contraction, and the 
last dilatation of the pupils. Tea and cqfee are pure excitors of 
the cerebral functions, and cause sleeplessness. Alcoholic drinks^ 
cether, chloroform^ and similar stimulants, first excite and then 
suspend the mental faculties, like opium. The modem pra,ctice 
of depriving persons of consciousness, in order for a time to 
destroy sensation, has been very much misunderstood in conse- 
quence of such remedies having been erroneously and un- 
scientifically denominated anaDsthetics. The fact is, they in no 
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way influence local sensibility, or the sense of touch. Their 
action is altogether cerebral ; and hence the danger which has 
frequently attended their action. 

Toxic ipinaL derangtmtnis, — Strychnine acts especially as an 
ezcitor of the motor filaments of the spinal cord, causing tonic 
muscular contractions, as in tetanus from spinal arachnitis, or 
from the diastaltic action of a wound. Wwyrara produces 
exactly an opposite effect, causing paralysis and resolution of 
the same parts. Conium paralyses the motor and sensitive 
spinal nerves, producing paraplegia, commencing at the feet, 
and creeping upwards."*^ Picrotoxine, according to Dr Mortimer 
Glover, causes the animal to stagger backwards, as in the ex- 
periments of Magendie on the crwra cerebdH 

Toxic cerebrxhstpincU derangements, — Of these, the poisonous 
effects of hydrocyanic add offer a good example. All the 
animals we have seen killed by this agent utter a scream, lose 
their consciousness, and are convulsed. These are the symptoms 
of epilepsy. Cold is at first an excitor of the spinal functions, 
and is a strong stimulant to diastaltic activity, but if long con- 
tinued, produces drowsiness and stupor. 

Toxic neural and newo-spinal derangemenis are especially 
occasioned by the action of certain metallic poisons, such as 
mercury y which occasions irregular muscular action, with weak- 
ness ; and Uady which causes numbness and palsy, most common 
in the hands. On the other hand, cantharidea stimulates the 
contractions of the neck of the urinary bladder, and eecale 
Comutum those of the pregnant uterus. Stramonium acts as a 
sedative to the nerves of the bronchi ; while aconite operates 
powerfully in paralysing the action of the heart. 

* See the aathor's case, in which the symptoms resembled those caused in 
Socrates as described by Plato. Ed. Med. and Surg. Journal, 1845, and Clinical 
Medicine, 5th edit. p. 459. 
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Plate IX. — Function of Nutrition. 

Pig. l.^iew of the nutritive system of a dog— modified from Bernard. A. 
(Esophagus. B. Lungs. 0. Vena cava. D. Liver, E. Stomach. F. Spleen. 
G. Receptaculum chyli. H. Pancreas. I. Duodenum. J. Entrance of biliary and 
hepatic duct. K. Jejunum. L. Ileum. M. Csecum. N. Colon. O. Rectimi. 
P. Kidneys, with the supra-renal capsules above. R. Urinary bladder. R. Thoracic 
duct, through which the chyle passes to join the blood. 1. Parotid gland. 2. 
Salivary gland of Nuck. 3. Submaxillary and other salivary glands. 4. Jugular 
and subclavian veins. 6. Situation of thymus and thyroid glands. 6. Entrance 
of the thoracic duct into the left subclavian vein, near the jugular. 7. Left 
auricle. 8. Bight auricle. 9. Left ventricle. 10. Right ventricle. 11. Oall 
bladder. 12. Vena portas, which conveys blood from the intestines to the liver. 
13. Mesenteric glands. 14. Lymphatic vessels. 16. Lacteal vessels. 16. Branches 
of the portal vein. 17. Ureters. 

Fig. 2. Structure of lobule of parotid gland with its duct. 20 diam. 

Fig. 3. Epithelial flattened cells, and globular salivary cells, and molecules in 
the saliva. 260 diam. 

Fig. 4. Action of acetic acid on two salivary cells. 

Fig. 6. Closed follicles covered with blood vessels in the tonsil. 60 diam. 
{K'dUileer.) 

Fig. 6. Follicular gland from the root of the human tongue, containing closed 
follicles, a, a. epithelium ; h. surface of follicular gland ; c. cavity of the gland ; 
d. follicle in the thick wall of the gland. 20 diam. (KbUiker.) 

Fig. 7. Vertical section of a human circumvallate papilla. A. central papilla ; 
B B. circumvallate papilla ; C C. Depression, or fossa surrounding the central 
papilla ; a. epithelium ; h. h. nerves of the papilla ; c secondary papilla. 10 diam. 
{Kolliker.) 

Fig. 8. Fungiform papilla of the human tongue, o. epithelium ; p. secondary 
papilla. 10 diam. {KoUiker.) a, &, c. elongated filiform papillaB of the human 
tongue. 160 diam. {Todd and Bovmian.) 

Fig. 9. Section of fungiform papilla, shewing distribution of : a. artery, and v. 
' vein, forming capillary loops. 18 diam. {Todd and Boioman.) 

Fig. 10. Mucous glands and ducts in the oesophagus. 25 diam. {Dondera.) 
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Plate X. — Digestion and Chylification, 

Fig. 1. Section of mucous membrane of the stomach, shewing above, a, follicular 
depressions, and below, 6, the gastric follicles. 10 diam. {Freri^^.^ 

Fig. 2. Follicular depression, with the opening of four follicles on surface of 
mucous membrane of the stomach. 200 diam. (^ertcfts.) 

Figs. 3-7. The terminal or secreting end of gastric follicles, with the gastric cells 
in various stages of formation : (8) molecular contents ; (4 and 6) formation of 
nuclei ; (6 and 7) formation of gastric cells. 200 diam. (JVericAf.) 

Fig. 8. Structure of a gastric follicle, cut obliquely, shewing above ; a. section of 
cylindrical epitheliiun ; 6. seen from above. 250 diam. ( WaxTMnnn.) ^ 

Fig. 9. Isolated cells from gastric follicles. {FrtrUhi.') 

Fig. 10. A large Peyer's gland occasionally seen below the gastric follicles. 
15 diam. (JVcrt'cfc*.) 

Fig. 11. Portion of the contents of the same, shewing molecules, nuclei, and 
cells. 200 diam. 

Fig. 12. Qlands of Brunner below the villi in the duodenum. 20 diam. {Frerichs.) 

Fig. 13 Glands of Peyer below villi of small intestine. 20 diam. (jPV«r»cft«.) 

Fig. 14. Extremity of a villus shewing columnar epithelium, vessels, and com- 
mencement of lacteal duct. a. fine lines at the external margin of epithelial cells. 
400 diam. (Ley dig.) 

Fig. 15. Villus of small intestine, the extremity and centre filled with fatty 
molecules during absorption. 200 diam. (Freridis.) 

Fig. 16. Villus without epithelium, having lacteal distended with molecular 
matter. 200 diam. {Frerichs.) 

Fig. 17. Structure of epithelial cells from intestinal villus, shewing their lateral 
adhesion— the external layer with fine lines. 500 diam. (Frey.) 

Fig. 18. Group of four epithelium cells from intestinal villus, seen from above. 
600 diam. (Frey.) 

Fig. 19. An i^fi^egate patch of Peyer shewing follicles, shut sacs, and villi. 
10 diam. (Bcehm.) 

Fig. 20. A solitary gland of Peyer surrounded by villi with their chyle ducts. 
SO diam. (Teichmann.) 

Fig. 21. Vertical section through a patch of Peyer's glands, a. villi ; b. glands 
of LieberkUhn ; c. Peyer's saccular glands cut open ; d. muscular and peritoneal 
coats. 200 diam. (Todd and Boioman.) 

Fig. 22. Diagram representing origin of lacteals in a villus, according to Funke. 
a. epithelial cells ; b. supposed connective tissue corpuscles ; c. central lacteal. 

Fig. 23. Another view of the same with fiask-shaped bodies, described by Max 
Schultze, according to Itetzerich. a. fiask-shaped body communicating with 6, a 
delicate plexus that enters the lacteal, c. 

Fig 24. A vertical section of a lymphatic gland, a. capsule ; 6. lymph sacs ; 
c. lymph channel ; d. trabeculas. 

Fig. 26. Ljmphatic vessel cut open to shev its valves. 
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Plate XL — Sanguification and Circulation* 

Fig. I. Structure of the spleen, a. Artery ; h. trabecube ; c. Malpigfaian body, 
with lymphatic elements ; d. spleen pulp. 80 diam. (Ii«ydt9.) 

Fig. 2. Structure of the supra^renal capsule, a. Cortical portion — ^the shut 
sacs, containing lymphatic elements ; 6. medullaiy portions. 200 diam. 

Fig. 3. Structure of the thyroid gland, a. Fibrous stroma ; h, shut sacs, with 
Ijmiphatic elements ; c. colloid matter in the interior of the sacs. 200 diam. 

Figs. 4-8. Structure of the thymus. 4, 0, 7. Cell and nuclear elements of fluid ; 
400 diam. 6. Follicular structure ; 10 diam. 8. Compound cellular body, sur- 
rounded by a concentric capsule, 400th of an inch in its long diameter. (£bfcer.) 

Fig. 9. A cone, produced by rolling a sheet of net, with dark lines, upon itself, 
to represent the course of the muscular lamina in the ventricle of the heart. It 
shews the fourth central, or transverse, layer, and the three internal layers. C, C. 
Transverse middle layer. D, E. Elxtemal oblique and vertical layers, from coni* 
cal winding of C, C. (Peitigreto.) 

Figs. 10-15. Capillary networks. 10. In papillae of lips ; 11. in areolar tissue ; 
12. in muscle ; 13. in lung ; 14. in fungiform papilla of tongue ; 15. in mucous 
membrane surrounding follicles. 25 diam. (Berres.) 

Fig. 16. Diagram of the foetal circulation. 1. The umbilical cord, consisting of 
the umbilical vein and two umbilical arteries, proceeding from the placenta (2). 
3. The umbilical vein, dividing into three branches : two (4, 4) to be distributed 
to the liver ; and one (6), the dudits venonu, which enters the inferior vena cava 
<6). 7. The portal vein, returning the blood fiom the intestines, and imiting with 
the right hepatic branch. 8. The right auricle ; the course of the blood is de- 
noted by the arrow proceeding from 8 to 9, the left auricle. 10. The left ventricle; 
the blood following the arrow to the arch of the aorta (11), to be distributed 
through the branches given off by the arch to the head and upper extremities. 
The arrows 12 and 13 represent the return of the blood from the head and upper 
extremities through the jugular and subclavian veins, to the superior vena cava 
<14), to the right auricle (8), and in the course of the arrow through the right 
ventricle (15), to the pulmonary artery (16). 17. The ductta arterionu, which 
appears to be a proper continuation of the pulmonary artery ; the offsets at each 
side are the right and left pulmonary arteries cut off. The ductus arteriosus joins 
the descending aorta (18, 18), which divides into the common iliacs, and these into 
the internal iliacs, which become the umbilical arteries (19), and return the blood 
along the umbilical cord to the placenta and the external iliacs (20), which are 
continued into the lower extremities. The arrows at the termination of these 
vessels mark the return of the venous blood by the veins to the inferior cava. 
{Ercumm Wilgon.) 
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Plate XIL — Respiration and Secretion, 

fig. 1. External suriaoe of the lung. a. Air cells ; 6, 6. borders of the smallest 
lobules. SO diam. {Harting,) 

Fig. 2. Internal surface of section of lung, shewing air vesicles, a. Deep seated ; 
ft. towards the margin. 80 diam. (AwtHmoI.) 

Fig. 3. SlighUy oblique section of injected bird's lung. a. Spaces between con- 
tig^uous lobules, containing terminal pulmonary arteries, and veins supplying the 
capillary plexus ; 6. lining membrane of bronchial tube ; c. blood-vessels, with 
laige areolae, d, in bronchial membrane ; e. cavity of bronchial tube ; /. very fine 
dense capillary plexus. 25 diam. (JBain«y.) 

Fig. 4. Thin section of pulmonary substance, a. Fibrous tissue ; 6, &, h, cut 
air cells ; c. group of epithelial cells, from lining membrane of air cells ; d, d. 
capillaiy blood-vessels lining air vesicle below epithelial membrane. 250 diam. 
(.Scfter.) 

Fig. 6. Two small pulmonary lobules, a, &, 6, h. Air cells ; c. terminal bron- 
chial twigs. 25 diam. {^Kmiktr.') 

Fig. 6. Mode of termination of bronchial tubes in air vesicles of the lung, 
according to Watert of Liverpool. 

Figs. 7-11. Diagrams of secreting glands. 7. a. Basement membrane; 6. 
epithelium; c. blood-vessels; g. straight follicle; &. saccular follicle; i, coiled 
tube : 8, Ic, tubular crypt ; I, saccular crypt : 9. racemose or compound gland : 
10. a lobule of the same enlarged ; n. lobule ; o. terminal duct : 11. compound 
tubular gland. (Sharpey.) 

Fig. 12. Fatty d^^neration of muscle. 260 diam. 

Fig. 18. Group of hepatic cells. 250 diam. 

Figs. 14 and 16. Fatty degeneration of hepatic cells. 250 diam. 

Fig. 16. Waxy degeneration of hepatic cells. 
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Plate XIIL — Excretion by Liver and Kidneys, 

Fig. 1. TnuiBTene tection of a lobule of the human liver, in which the TesMls 
have been fully injected. 1. Intralobular or hepatic vein; 2. Its smaller branches, 
collectinfi^ blood from the capillary networic ; 3. Interlobular or portal veins, pass- 
ing into the lobule. 60 diam. (i8ai>pey.) 

Fig. 2. Terminal bile duct. a. Small branch of interlobular hepatic duct ; h, 
smallest biliary duct, communicating with others in which cells are seen. 216 
diam. {Bealt,) 

Hg. 3. Small fragment of a hepatic lobule, in which the smallest intercellular 
biliary ducts (a) were filled with colouring matter during life. 600 diam. 
(CftrsofMsceewtJfcy.) 

Hg. 4. Two lobules of the liver, in which the biliary ducts are represented as 
originating in a plexus towards their exterior. 20 diam. (JS^teman.) 

Fig. 5. Section of cortical substance of kidney, shewing Malpighian bodies, and 
their capsules, and the convoluted tubes. 20 diam. (Dtcfctiwon.) 

Fig. 6. Injected portion of cortical and medullary structure of kidney, a. 
Tubull uriniferl ; 5. their termination, by expanding over the Malpighian body ; 
e, d. capillary plexus. 26 diam. (fcfcer.) 

Fig. 7. Malpighian body, h. and its capsule, a ; c. buids of fibres between the 
tubes ; d. capillary vessels ; e. epithelium lining the tubes. 260 diam. (fcfcer.) 

Fig. & Blood-vessels forming Malpighiui body. a. Terminal renal artery ; of. 
afferent branch, going to Malpighian body ; in, in. plexus of vessels forming 
Malpighian body ; ^. efferent branch, coming from Malpighian body, dividing 
into capillaries, &., which furnish the tubes. 60 diam. ifiowman.) 

Fig. 9. Malpighian capsule and uriniferous tube. 6. Artery passing into Mal- 
pighian body ; d. capsule distended by injection, which fills the uriniferous tube 
in connection with it, c. 80 diam. {Bowman.^ 

Fig. 10. Uriniferous tube, lined with epithelial cells, in medullary portion of 
kidney. 260 diam. 

Fig. 11. Uriniferous tube in cortical substance of kidney, containing nuclei and 
molecular matter. 260 diam. 

Fig. 12. Commencing fatty degeneration of uriniferous tube. 260 diam. 

Fig. 13. Advanced fatty degeneration of uriniferous tube. 260 diam. 
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Plate XIV. — Excretion by the Skin, 

Fig. 1. Vertiaal sectioii through the skin. a. Corium ; h. epidennis ; e. tnidori- 
parous glands ; d. hair sac ; e. straight ducts from sweat glands ; /,/. their open* 
ings on the surface of skin ; g. sebaceous glands. 8u diam. {KUliker.) 

Fig. 2. Hair and hair sac. a. Hair shaft ; 6. root of hair ; c bulb of hair ; d. 
epidermis of hair ; e. inner root sheath ; /. outer root sheath ; g. structureless 
membrane of hair sac ; h. transverse and longitudinal fibrous layer ; i. papilla of 
hair ; k. excretory ducts of the sebaceous glands ; j. its epithelium ; 2. cutis at 
aperture of hair sac ; m. lower or coloured portion of epidermis ; n. external 
layer of epidermis ; o. end of inner root sheath. 60 diam. {KiSUiker.) 

Fig. 8. Hair root and hair sac. a. External fibrous sac ; &. structureless mem- 
brane ; c the outer, and d. the inner root sheath ; e. Junction of the outer 
sheath, c, with the hair bulb ; /. external layer of hair ; /*. transverse fibres ; 
g. lower portion of the same ; h. cells of the hair root ; i. hair papilla ; k. cells of 
medulla ; I. fibrous shaft ; m. medulla containing air ; n. transverse section of 
medulla, and o. of the shaft. 800 diam. {Frey.) 

Fig. 4. Section of skin of heel. a. External epidermic layer ; h. internal epi- 
dermic layer ; c spiral termination of sudoriparous duct ; d. position of papilla 
of cutis. 150 diam. {Ltydig.) 

Fig. 6. Large sebaceous gland from skin of nose, opening into a hair follicle 
containing fatty matter. 60 diam. {Edcer.) 

Fig. 0. Longitudinal section through the middle of the nail and bed of the nail, 
a. Free edge of proper substance of the nail ; h. external epidermis of finger ; e. 
internal epidermis ; d. bed of nail ; e. follicle or root. 8 diam. 

Figs. 7-26. Structure of various kinds of hair. 7. Imbricated human hair ; 8. 
human hair with central medulla ; 9. and 10. sections of human hair ; 11. hair of 
an Indian monkey ; 12. hair of camel ; 18. hair of lemur ; 14. hair of an Indian bat 
— a. low, h. higher power; 15. hair of polar bear ; 16. wool.of sheep ; 17. hair of 
lion ; 18. and 19. hair of kangaroo ; 20. and 21. hair of rabbit ; 22. hair of mouse ; 
28. hair of armadillo ; 24. hair of musk deer ; 25. fibrous human hair. 100 diam. 
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Plate XV, — Nervous System. 

Fig. 1. Vertical aectioii of grey matter of cerebral convolutions, shewing six 
alternate light and dark layers, a. External light layer, with capillaries entering 
from the meninges, containing nuclei imbedded in molecular matter ; b, form of 
cells in deeper layers ; c. tubular white matter. 260 diam. 

Fig. 2. Vertical section of external grey matter in leaflet of cerebellum, a. 
Molecular layer, with large cells sending off branched processes ; 6. granular 
layer ; c. tubular white matter. 260 diam. 

Fig. 8. General appearance and attitude of pigeon after removal of cerebral 
lobes. {DaUon.) 

Fig. 4. General appearance and attitude of pigeon after removal of cerebellum. 
{DalUm.) 

Fig. 6. Skull of Burke, a notorious murderer, executed in Edinburgh in 1828, 
with the supposed organ of destructiv^ness small. 

Fig. 6. Skull of Pepy, a noted pirate and murderer of the West Indian seas, 
with the smallest organ of destructiveness known. His skull was sent to the 
Edinburgh Anatomical Museimi by Captain Graham, R.N., brother of the late 
Professor of Botany, who captured him. 

Fig. 7. Skull of Haggart, a noted thief in Edinburgh, who was hung for mur- 
dering his gaoler, with acquisitiveness and destructiveness small. 

Fig. 8. General type of Saxon skull. 

Fig. 9. Skull with great prominence of occipital bone. 

Fig. 10. Section of and internal view of the same, shewing thickening of bone 
and deep groove, in which was lodged the enlarged torcuLar EerophUi. 

Fig. 11. Transverse section through middle of human medulla oblonffota. 6, b. 
Posterior pyramids, on each side of the posterior median fissure ; b. c. posterior 
column ; d. posterior part of antero-lateral column ; e. expanded extremity of 
posterior horn ; /, d^, cP. fibres forming the decussation ; /i. anterior horn ; t. 
central grey substance behind the canal ; z. anterior median fissure. 6 diam. 
(liOckhart Clarke ) 

Fig. 12. A. View of posterior surface of rabbit's spinal cord, d, e. Two sections 
dividing posterior columns. B. Diagrammatic view, shewing the manner in which 
nerve fibres of the spinal roots are distributed in the grey matter, a. Potttfior 
white column ; /. grey matter ; e. ganglion on posterior spinal root. 
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Plate XVI. — Nervous System. 



Fig. 1. Longitudinal section through the lumbar enlargement of the spinal 
oord. a. Anterior column ; h. anterior roots of nerves ; c. mode of distribution : 
spreading out in all directions in grey matter, like a brush ; d. decussation of 
fibres in posterior white column. (Reduced from figure of Lockhart Clarke.) 

Fig. 2. Transverse section of spinal cord through the middle of the lumbar 
enlargenent. A. Anterior column. P. Posterior column. L. Lateral column. 
a. Anterior median fissure ; p. posterior median fissure ; h, b, h. anterior roots of 
spinal DWes ; c. posterior root ; /. spinal canal. The ganglionic cells are not 
fepresented. (Reduced from figure of Lockhart Clarke.) 

Fig. 8. Roots of a spinal nerve, a. Structure of ganglion on posterior, or sen- 
sory, root ; h. anterior, or motor, root. (Ley dig.) 

Fig- 4. Vertical of the Schneiderian membrane of the olfactory region of a fox. 
B. Epithelium, a. Broad end of cells ; h. nucleated deeper layer ; c. deepest 
cell layer. D. Fibrous layer of Schneiderian membrane, d. Excretory duct from 
e. glands of Bowman ; /. branches of olfactory nerve. E. Olfactory nerve. 108 
diam. {Etker.) 

Fig. 6. Cylindrical epithelial cells from the olfactory region of a man. a. Epi- 
thelial nucleated cell ; 6. nerve cell, with straight process e ; d. internal branch- 
ng filaments of the epithelial cell. 350 diam. {Edcer.) 

Fig. 6. Vertical section of a small part of the retina. A. Entire section of a small 
part of the retina. B. Two cones, represented separately in their cu^pection with 
the fibres of MQUer and other structures. G. Two rods, represented separately in 
their connection with IJie granules, fibres of Miiller, and the nerve cells. 1. 
Columnar layer— a. in A and C, the rods, in B, the terminal part of the cone ; h. 
c ones : 2. Granular layer — c. outer layer of nuclei (striated corpuscles of Henle) ; 
d. inner layer of nuclei ; /. inter-nuclear layer : 3. Nervous layer— a. fine mole- 
cular substance outside h, the nerve cells ; k. nerve fibres ; I. membrana limitaru ; 
c. inner ends of the fibres of MlUler, resting on the limiting membrane. 350 
diam. {KdUiker.) 

Fig. 7. Structure of crystalline lens. a. External layer of nucleated cells ; b. 
fibres of human lens ; c. of ox ; d. of cod. 250 diam. (Todd and Bovnnan.) 

Fig. 8. Nerve from the finger, shewing Paccinlan corpuscles, natural size. 

Fig. 9. Paccinian body from mesentery of cat. a. Nerve tube, terminating in a 
fine filament, c,c; b. concentric series of layers of fibrous tissue. 250 diam. (Ecker.) 

Fig. 10. Touch-body of Wagner, treated by acetic acid. 260 diam. (Ecker.) 

Fig. 11. Muscular fasiculus, with nerve entering its substance, and supposed 
ganglionic nuclei. 300 diam. (Kuhne.) 

Ifig. 12. Vertical section through the cornea. A. Anterior surface, a. Con- 
junctival epithelium ; b. anterior elastic lamina ; c. layers of cornea proper Joined 
to anterior elastic lamina by crossed fibres ; d. posterior elastic lamina ; e, mem- 
brane of Descemet. 80 diam. {Todd and Botoman.) 

Fig 13. Soft lamina spiralis of the cochlea. 1. View from above of the mtm- 
brana tectoria of Gorti. 2. lAgamentum memJbrana tectorial immediately below 
this. 8. HaibentUa sulcata. 4. Internal rods of Gorti. 6. Auditory nerve, a, a. 
Ligament of the cochlea ; b. hal>enula svlcata ; c. its toothed free margin ; d. 
parenchymatous cells between the ligamentum membrana tectorics and the mem- 
brana basHariSf m ; e. internal fiat rods or staves of Gorti ; /. oval grooves, 
through which pass fine nerves, l*i ; g. middle rods of Gorti ; h. external square- 
shaped extremity of the middle rods, g ; i. outer rods of Corti ; k. terminal gan- 
glion cells of Gorti ; I. bundles of cochlear nerves ; ^. minute nenres coming through 
the grooves,/; m. position of membrana basHaris ; n. tsona pedinata, terminating 
externally in the ligamentum membrana bctsHaris. (Reduced from figure of Ecker • 
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